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A differential of 4 inch of water 


gives full scale operation 


with this 


ing Balance 


FLOW METER 


In Hagan Ring Balance Flow Meters, operating torque 
depends on the cross-sectional area of the ring. Thus 
the torque resulting from a given differential can be 
made high by using a ring of large area. 

Since the ring body rotates on a knife edge bearing, 
friction is extremely low, giving Hagan Ring Balance 
meters a very high torque-to-friction ratio. 

The low-differential meter shown here is a standard 
model in the Hagan Ring Balance line. Other standard 
models provide for differentials up to 480 inches, and 
static pressures up to. 10,000 p.s.i. Pressure and tem- 
perature compensation may be added to any standard 
model, either with or without separate pressure and 
temperature records, Compensated flow may be auto- 
matically totalized by means of a simple and accurate 
integrator. Dual meters——also standard—record two 
flows on a single chart. 


HAGAN 
HALL 
BUROMIN 
CALGON 


MODEL 2256 WITH 
R22 RING. 


The Hagan Ring Balance Flow Meter is, by all odds, 
the most versatile flow meter in the world. For full 
information, just fill out and mail the coupon below. 
If you have any special metering problem, write us 
about it and we will be glad to tell you how this meter 
can contribute to its solution. 

Hagan Corporation, Hagan Building, Pittsburgh 30, 


Pennsylvania. 


HAGAN CORPORATION 


RING BALANCE FLOW AND PRESSURE INSTRUMENTS 
THRUSIORQ FORCE MEASURING DEVICES 
BOILER COMBUSTION CONTROL SYSTEMS 
METALLURGICAL FURNACE CONTROL SYSTEMS 





Hagan Corporation 
Hagan Building 
Pittsburgh 30, Pa. 


Please send me Ring Balance Meter Bulletin 2M48. 
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Lots of Folks Can Make a Valve... . 


Many machinists can make a valve. They 
don't even have to be very good ma- 
chinists, nor have very good equipment 
because it probably won't be a very good 
valve anyway. In any event it will lack the 
engineering a valve requires if it is to 
stand up and deliver the service. 

Big businesses with big shops often 
succeed in building a valve which will 
give service but they pay a fabulous price 
to do it, though the cost is often hidden 
in “shop overhead.” Various people con- 
cerned believe they have saved money 
but accurate cost-accounting would prove 
this not to be the case. 

We recently saw a large valve built in 
the company shop by a manufacturer 
(not in the valve business) who boasted 
$4,000. We 


couldn't kave built the job in our own 


of a cost of only about 
shop, specializing in valve construction, 
for less than $7,000, before figuring our 
modest profit. We know darned well no 
amateur valve-builder could build it for 
$4,000 either! 

The days of the slap-happy stove-pipe 
damper masquerading as a valve are 
gone, and R-S Products with its rigid en- 
gineering standards has done much to 
banish them. 

R-S Control and Shut-off Valves are 
as carefully engineered as a bridge or a 
building and there are just about as many 
stresses to figure to build a valve which 
will give full service with full safety 
factor, without waste of material or labor. 


For Regulating 
Downstream Pressure 


R-S Valve, Type No. 706, shown at top 
of next column, is a 24-inch 125-pound 
valve with two diaphragm motors, single 
valve-positioner and single pressure con- 
troller. Designed for regulation of down- 
stream pressure, The vane opens with air 
failure. 80-pound pressure-drop across 
the valve demands the use of two dia- 
phragm tops to get the needed power. 
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R-S Valve Type 706, 24 inch, 125 pound, 
with two diaphragm motors 


Let’s Get This 
Straight 


Cast iron valves do not thrive in a tem- 
perature of 1400° F, Nevertheless, peo- 
ple ask for them occasionally. Russell 
Ayers, Sales Manager of R-S Valve Divi- 
sion, had another such inquiry recently, 
as reported to the Editor of ValvEvents. 

At 1400° F. a cast iron valve has long 
since lost all interest in flow control, not 
to mention shut-off. 

Here’s a brief rough guide on what 
various metals will take in the way of 
temperature: 

Elevated 
Temperature 

Limit 
450 deg. 
1000 deg. 


F 
us 
750 deg. F. 
950 deg. F 


Material 
Cast Iron 
R-S ‘‘H'’ Metal 
Carbon Steel 
Carbon Moly Stee! (2% Moly) 
Chrome Moly Stee! (4-6% Chrome 
V2% Moly) 

18-8 Stainless Steel 
Chrome Nickel Alloy Stee! 

(other than 18-8) 


1250 deg. F. 
950 deg. F. 


1250 deg. F. up 
to 2000 deg. F. 
There are other factors just as important 
in the design of a valve as temperature. 
Therefore, we say the above is only a 
rough guide. 

It is a good idea in addressing inquiries 
to us on valves to follow the list of work- 
ing conditions on the inside back cover 
of R-S Catalog #17. If you haven't one, 
you'd better tell us and we'll send it. 








R-S Valve Type 710, 48 inch, 125 pound, 


with renewable bronze liner 


R-S Valve in 
High Head Water Service 


Picture shows R-S Type No. 710. It is a 
48-inch 125-pound cast iron valve with 
renewable bronze liner. This valve was 
built for water service and is now oper 
ating in a western dam under high pres 
sure. The handwheel control has a geat 
reduction drive so that only 50 pounds of 
force is required of the operator to handle 
the valve even under highest pressure 
conditions. 





The New R-S Valve Catalog #17 
R-S Valve Catalog #17 is packed 


with information for engineers. 
There are over 70 halftone pictures 
of R-S Valves . . . working drawings 
of 21 types of R-S Valves with stand- 
ard controls and fittings and com- 
plete dimensional data for all sizes 
... working drawings of 22 types of 
prime movers... 

numerous other 

diagrams, graphs 

and miscellane- 

ous drawings. 

Address R-S 

Products Corpo- 

ration, Valve Di- 

vision, Philadel- 

phia 44, Pa. 
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Engineering Opportunities im the Field of Instrumentation’ 
A Guest Editorial 


By E. G. BAILEY, 1948 President, American Society of Mechanical Engineers. 


HE industries which depend most upon measuring in- 
struments, meters, and automatic controllers are those 
pf power generation, the chemical processes, and aviation. 

The steam-generating plants have extended their re- 
; yirements from a water column, a pressure gage, and a 
ew thermometers to a complete complement of flow meters, 
as analyzers, pH recorders, as well as a multitude of tem- 
perature, pressure, draft and level indicating and record- 
ng instruments. Complete electric generating units of 150,- 
10 kw. are today under complete automatic control. 

In the metallurgical industry, operation of blast furnaces, 
ppen hearths, smelters, heat-treating furnaces, and rolling 
sills are turning to measuring instruments and automatic 
ontrollers to increase production, decrease fuel consump- 
tion and improve the quality of the product. 

The chemical processes involved in the production of 
synthetic rubber, rayon and nylon, alkalis, and other chem- 
cals too numerous to mention depend upon instruments and 
automatic control for proper operation. 

' In the petroleum industry where heat-cracking and recti- 
Wication are necessarily under accurate pressure and tem- 
erature control, instrumentation is considered a necessity. 

At the beginning of this century the industrial instrument 
business was very meager, and even by 1920 it produced 
mly about twenty million dollars’ worth of equipment per 
ryear. Now it approximates an annual rate of two hundred 
‘forty million dollars.** 

The cumulative value of this business, which falls largely 
‘in the capital goods class, is applied to the processing of 
many billions of dollars’ worth of material in the chemical 
‘and allied industries. Measuring instruments and control- 
lers have an appreciable effect upon improving the efficiency 
of combustion of several billion dollars’ worth of fuel per 
'year in the power and other industries. To the actual sav- 
ping in fuel there should be added a great saving in labor 
due to the guidance of operators, enabling them to super- 
‘vise very much greater outputs than could otherwise be 
‘handled per man. 

| There was a great impetus given to the Fluid Meter 
/ Branch of the Instrument Industry shortly after the turn 
‘of the century. This was brought about by a combination 
jof needs growing out of the activities in other branches 
/of engineering such as the development of the steam tur- 
‘bine and the rapid growth of the power industry. It was 
snecessary to meter steam flow to determine the perform- 
sance of both the turbine and the boiler. At the same time 
)the chemical industry called for measurement of the flow 
/ of various fluids. 

A group of users and manufacturers were instrumental 
‘in starting the Fluid Meter Research Committee of the 
ASME in 1916. The early committee members included: 

R. J. 8S. Pigott, Chairman 
H. Bacharach F. G. Hechler 
EK. G. Bailey Horace Judd 
M. M. Borden Charles C. Lee 
Edgar Buckingham Leo Loeb 
George S. Coffin P. S. Lyon 
G, A. Dawley H, N. Packard 
A. R. Dodge W. Mapelsden 
d Lester M. Goldsmith J. M. Spitzglass, Secy. 
: Sidney Fischer T. R,. Weymouth 
| Mr. Pigott continued as chairman until 1947. The work 
done so far consists of background research, which helped 
the entire industry and all who have or ever will use fluid 
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*Luncheon talk, Industrial Instruments and Regulators Division 
of the American Society of Mechanical Engineers, New York City, 
December 1, 1948. 

**Epitor’s Notre.—By ‘the industrial instrument business,’ Mr, 
Bailey no doubt meant the segment thereof usually called “the 
reeorder-controller group,’ Which does not take in the manufacture 
of electrical instruments and meters, dimensional gaging and in- 
spection instruments, positive-displacement meters, optical instru- 
inents, aviation instruments, etc. The Wall Street Journal recently 
fave an eight-times greater figure ($2,000,000,000) as the annual 
sales of instruments.—M, F. BEHAR. 


meters. The committee has collected and spent about $39, 
000. for determination of orifice coefficients and limitations 
in approach conditions, and the committee members have 
given freely of their time and talent to provide information 
for industry, the total value of which has been many times 
the cash expenditures. The ASME sold copies of these re- 
ports at a gross value of about $48,000. The work and ac- 
tivities are continuing in a healthy state. 

The ASME has another field of activity which bears very 
closely on this industry, and that is the Power Test Code 
Sub-committee 19, which covers instruments and apparatus. 
This Sub-committee has already published thirty-five codes 
or chapters on twenty-one general headings. These collec- 
tively comprise over five hundred pages of literature on 
the general subject of measurements. 


The importance of the instrument industry in times of 
war is discussed in a recent report, by a Committee of the 
Scientific Apparatus Makers of America, to the War Mu- 
nitions Board. I quote at random from this report to em- 
phasize the many phases of war preparation which require 
the help of the instrument industry in successfully carry- 
ing out their programs. 
high-octane gasoline, blood plasma, variable 
time fuses, radar and sonar, atomic bombs—these highly dramatic 
achievements have made us all aware that wars won in the 
laboratories, on designing boards, and in industrial plants as well 
as on battle fields. 

“This statement is concerned 
struments and equipment, with 
instruments and apparatus he 


“Synthetic rubber, 
are 
with scientific and industrial in 


tools of modern scientists. First, 
uses in laboratory, second, instru- 


ments which make it possible to adapt accurately controlled 
processes at the laboratory to requirements of quantity produc- 
tion, third, instruments used as components in munitions and 


fighting equipment. 


“Variety was endless. . the market for instruments Was so 
broad in both civilian and military fields that 20,000 or more 
different instruments could be sub-divided into major groups as 
follows: 

1. Military, aircraft and nautical instruments. 

2. Scientific instruments and apparatus designed primarily for 
laboratory. 

3. Laboratory equipment. 

4, Optical glass, lenses, and optical instruments 

5. Industrial process instruments including indicating, record- 
ing, and controlling instruments, 

6. Electrical quantity measuring instruments, 

7. Surveying and drafting instruments. 

8. Instruments and equipment for testing physical properties 


and inspection of industrial production, 


“The 


submitted is 
key’ scientific 
War potential—a 
must be 


evidence 

‘master 
vital 
problems that 


to be drawn from the 
that the Munitions Board should view the 
instrument and equipment industry as a 
cohesive integrated industry with unique 
solved in the interest of adequate defense.” 

To define broadly the so-called field of instrumentation: 
it is the art of automatic measurement, communication and 
regulation of factors and functions. Engineers in the future 
will utilize this branch of technology to an even greater 
degree. 

Even though the needs of the various industries call for 
almost identically the same kind of pressure and temper- 
ature recorders, flow meters and the like, the instrument 
industry has learned that it is best for a given company 
to specialize in one or a few industries, instead of offering 
their equipment indiscriminately to all potential purchasers. 
This is because a given instrument-maker must do much 
more than make and sell instruments; he must sell intelli- 
gent service. He must have engineers trained and well 
versed in the many problems and operating details of the 
particular industry in which his equipment is to be ap- 
plied. This is especially true when automatic control is add- 
ed to the measuring instruments, and the purchaser wants 
a completely coordinated and engineered unit. 

What are our opportunities? The answers are to be found 
in the fields where we now fall short of doing all that we 


conclusion 
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ment in several ways: 
1, Accuracy 
2. Reliability 
3. Responsiveness 
4. Simplicity in function 
5 Usefulness to the 
6 Application 
ing indirect detective 
7. Intelligent application 


and construction 
user 
for safety 


operator or 


as insurance and protection, includ- 
use 


to industry. 


To comment on the improvement of the types of equipment 
now being made as enumerated above: 


1. Accuracy is the important goal of all instrument 
manufacturers. The degree of accuracy should, however, 
not be carried to extremes beyond that really needed. The 
cost of high accuracy is not always justified. Maintained 
accuracy to an economic degree is equally desirable. There 
is need to check and adjust the accuracy by the user and 
suitable instructions and provisions are essential. 


2. Reliability as to ruggedness or dependability may seem 
to be synonymous with accuracy, but it is used here as a 
measure of the suitability of the construction of the equip- 
ment to the conditions under which it is used. An instru- 
ment of satisfactory accuracy on a permanent base may 
be useless on a locomotive or an airplane. The crash of 
United Air Lines Flight 624, a Douglas, aircraft NC-37506, 
near Mount Carmel, Pennsylvania, on June 17, is now re- 
ported by Civil Aeronautics Board as of unknown origin. 
There is a possibility that the pilot was incapacitated 
through presence of CO» in an effort to extenguish a fire, 
which may have been imaginary owing to the stated un- 
reliability of the fire-indicating system. The results of hear- 
ings are not yet published. 

Why is it that on the dashboard of all automobiles most 
speedometers give satisfactory service throughout the life 
of the car while the clock often fails after a relatively 
short time? 


3. Responsiveness or little time lag is important in many 
cases while in others reasonable time lag is permissible. 
As the output or throughput of heat exchangers, fraction- 
ating towers, furnaces and other apparatus in the power 
and process field is increased and the ratio of size to out- 
put reduced, the heat capacity storage is minimized and 





INSTRUMENTS ON THE MARCH 
Front -cover photo 
METERING OPEN-HEARTH OXYGEN 


=r 





Accurate metering of oxygen employed in steel mills—for car- 
bon reduction in the open-hearth melt, for direct scrap melt- 
down, scarfing, and other operations, is essential to cost control, 
and for sound evaluation of this relatively new development in 
steel technology. Oxygen flow and pressure are likely to fluctu- 
are sharply, over a wide range, so that meter requirements are 
unusually severe. The instruments must be extremely sensitive, 
accurate at either high or low flows, easily adjustable and gen- 
erally require automatic pressure compensation. Perhaps most 
important, operation-wise, the oxidation of mercury in the meter 
must not affect its calibration. The above view of carbon reduc- 
tion by use of an oxygen “lance” was made at Jones & Laughlin 
Steel Corporation's South Side Works, Pittsburgh. (Both plete: 
courtesy Hagan Corporation) 
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are supposed to do. Today we should improve our equip- 












Among E. G. BAILEY’s inventions are fluid meters, | 
meters and automatic combustion controllers as well as 
naces. In 1916 he founded the Bailey Meter Co. and wa 
president until 1944 when he became Board Chairman. |; 
is vice-president of The Babcock & Wilcox Co. 






















the need for more responsive measuring instrument 
automatic controllers is increased. 

Measuring devices and automatic controllers havin, 
scale response in seconds or fractions of seconds a1 
required in many applications in the process indust) 

















































N th 
4. Simplicity in function and construction. This | uit 
more than any other shows the significance of the n worl 
In the early designs this was more noticeable tha) the fie 
as we have all learned from, and emulated better desig ever, t 
of others. Some designers are prone to approach a p of the 
in a complicated and profuse method. It is always bh: must t 
strive for every part to serve two purposes, but some st Firs 
use two parts where one would do. yacuul 
5. Usefulness to the operator or user. In view of eww 
basic purpose of an instrument to measure a conditio: j have @ 
I I “" 3 7 ’ 
transmit that information to the operator, it is importam when 
that the information should be quickly and accurately j of gas 
printed on the minds of the operator, both as an insta be ‘7 
taneous reading and as a chart record. Now, 
There has been an unfortunate inconsistency and div some 
sity incorporated in the design of many instruments. | tial vi 
increasing values some instrument indicators move upwa: molect 
some downward, some to the right, some to the left, a: Suc 
others at different angles. ing re 
To follow records with respect to elapsed time, son in a 
charts must be read from left to right, and others fro: atmos 
right to left. Some circular charts must be read counte) one-te 
clockwise while others rightly read clockwise. It would | you 
desirable if all charts could be strip or circular, but ther § could 
is and probably will remain ample need to use one type f vacuu 
some purposes and the other for certain other uses. of the 
Two years ago at the Pittsburgh meeting of the ISA unde 
in which this ASME Division participated, Admiral Luis This 
de Florez gave a very interesting talk on the need to hav work 
all instruments designed for easy reading and accurat: phere 
understanding by the operator. The following is quoted wit the a 
permission. tion 1 
“In aviation it is recognized that instrumentation has beco perce 
so complex that we have reached the limit of the man of aver consi 
ability to utilize the information that is poured into the cockpit 
We have at least begun to think of the presentation of reading vacut 
of instruments in such form that our mental processes can readi tends 
assimilate the knowledge conveyed, and thus reduce the hazar 
and fatigue and the effort necessary to form a picture of flight *Pr 
attitude and engine operation. This trend represents a new p! Physi 
lophy of instrumentation, which is to present instrument rea the T 
ings in such manner that the pilot can react instinctively to then ment 
“Future instrumentation must take into account the psyc} Phila 





logical and physical characteristics of the operator to be succes 
ful, which inevitably leads us to physiological and psychologi: 

research as part of the work to be done in the field of instr 

mentation. Readings, lighting arrangements, air conditioning 
methods of presentation, and other factors that will make unde: 
standing easier to the man of normal acuity must be studied ar 

explored singly and together. We must consider the whole cont: 

panel as one instrument and endeavor to utilize the instinctiv: 
human relations to portray the operating conditions. If we glanc 
about us with this thought in mind, we can readily appreciate t! 
tremendous amount of work that has to be done and, by the sam: 
token, the great opportunity that lies before us. Man's intellect 
does not change, but our machines are progressing by leaps a! 

bounds. The average mentality has become a major design fact: 

and we must heed it from now on.” 
















In a paper read by Dr. Walter F. Grether before the 
American Psychological Association, evidence was presented 
of the difficulty in reading some aircraft instruments. Part 
of the blame for this was put on the designers of thes 
instruments. 

“There is probably no other field of activity in which huma! 
errors are so costly as in aviation, Statistics for military aviatior 









normally show approximately 70 per cent of aircraft accidents 
to have resulted from ‘pilot errors’ in one form or another. Al!- 
though this figure is probably somewhat higher than it woul 
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The Physical Principles of 
VACUUM MEASUREMENT 






and PRODUCTION’ 


By C. H. BACHMAN, Physics Department, Syracuse University. 


N this field the physical principles are 

quite well established and for many 

workers the interesting phases are in 
the fields of associated gadgetry. How- 
ever, this article is held to a discussion 
of the basic principles and the gadgets 
must be put to one side. 

First, what is a vacuum? A perfect 
vacuum is easy to define although it 
seems impossible of achievement. We 


} have a perfect vacuum in a space only 


when we have removed the last particle 
of gas. Since this can never be realized 
we must deal always with partial vacua. 
Now, a definition of partial vacua is 
somewhat easier. A region under par- 
tial vacuum has had some of its gas 
molecules removed. 

Such a definition can lead to interest- 
ing results. For instance, if you were 
in a high-pressure room at, say, ten 
atmospheres pressure, and you removed 
one-tenth of the gas from a container 
you might have with you, that container 
could be considered to be under partial 
vacuum, whereas if you brought it out 
of the high-pressure room it would be 
under nine atmospheres of pressure. 
This comes about because we usually 
work under conditions of one atmos- 
phere pressure which is the pressure of 
the air above us. To a first approxima- 
tion this is stable, varying only a few 
percent at a given elevation. We usually 
consider a region to have a partial 
vacuum if gas surrounding that region 
tends to diffuse into the region. 





*Presented at the American Institute of 


Physics Session on Scientific Instruments of 
the Third Annual Conference of the Instru- 
15, 


ment Society of America, Sept. 1948, 


Philadelphia, Penna, 


Outiet 


Diagram of the Movement 


Fig. 1. Pumping Mechanism of the Welch 
Co. Chicago) 


iniet 






We can divide partial vacua into 
three broad classes. The first includes 
those applications where the pressure 
is reduced only slightly below atmos- 
pheric—possibly just enough to estab- 


lish a directional flow. We will not be 











other. We say that they have a greater 
mean free path. 

Now, if we lower the pressure still 
farther, removing more and more of 
the molecules, their mean path 
becomes longer and longer their 


free 
and 











interested in this class. Phenomena as- chances increase of reaching the con- 
sociated with these vacua are nearly tainer walls instead of colliding with 
TABLE I -- CONVSSSION OF PRESSURE U 
one nT YE eee a 
| | | T f ] 
Dynes/sq, cm, | | | | | 
| (Barye, | Grams/sq. cm. | F is/sqeir At heres | =-Ke rs) Microns | Bare 
| Microbar) | x, os j Liem 7 - es y | oe! . . z= 
a | r | | r t 
Dyne/sq, cm, | | | | | | 
Barye, | | 3] | 
Microbar) 1 11.0197 X 107° | 1.4504 x 10°5| x 10" |7.% mo 1.5006 x 107) 1x 10~ 
| a | 
Gram/ #,ca,| 980.66 | 1 a 10°*| @% x 10°%7 jg al | 9.8066 X 10° 
| ' 
Pound/aq, in.. 6.8947 x 104 0.307 1 | 6.eocé x 1077} 5.75 | sa.mas x a0? | X 10" 
Atmosphere {1.0133 x 10% 1.0332 x 103 14.696 | 1 | ex | } 
| ' | 
Muelg (Tor) |1.3332X 207] 1.3595 | 1.9337 x 19-4) 1 325e x 1074} i 1x19 |1 x 10" 
i ' | | 
Micron } 1.3332 | 1.3595 X 1077 | 1.9337 X 1 5) 1.3158 x 194 1X lor’; 1 1} 2 x ; 
i ! ; ! 
Bar 1 x 104 1,0197 x 103 14.904 | 9 2x 107} 7.56 x 102 | v6 x 105 } 
' | | i 
| ee ame 5 3 eee eee | 
This table gives the valus of the pressure unit namad at the left in tha units named at the top. 


For example, 1 atmosphere is 760 mm,He. 

like those at atmospheric pressure. We 
will not concede even that it is a vac- 
uum, but consider it as “reduced pres- 
sure.” 

If we lower the pressure sc that pos- 
sibly only 1 percent of the gas remains, 
we then can say that we have a rough 
vacuum. New and characteristic pheno- 
mena become evident. For instance, we 
can set up gas discharges such as are 
found in neon lamps. The relatively few 
molecules remaining in the space find 
they can move around through greater 
distances without colliding with one an- 
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Duo-Seal Pump. (Courtesy Welch Scientific 


one another. As this condition is reached 
a new set of characteristic phenomena 
appear and we have reached the region 
of high vacuum or fine vacuum, Al- 
though there is no sharp dividing line, 
a definite natural boundary exists which 
becomes evident in pumps, gages, and 
many vacuum applications—both chem- 
ical and physical. 

It always is desirable to have con- 
venient units for purposes of reference 
and discussion; and the field of vacuum 
practice has its share as is shown in 
Table I. Some of these are of historic 
interest only. For our purpose we will 
use the units mm. Hg (one atmosphere 
is 760 mm. Hg) and microns (one 
thousandth of a mm. of Hg). Then our 
rough vacuum might correspond to 
pressures from a few mm. Hg down to 
about a micron. Below that, from one 
micron (10-3 mm. Hg) down to the 
fairly commonly attained 10-7 mm. Hg 
and the more difficult 10-® or 10°19 mm. 
Hg, we will say that we have a fine 
vacuum or high vacuum. 

At about one micron, the region where 
fine vacuum phenomena appear, the 
mean free path lengthens to the order 
of centimeters for most common gases 
and this also begins to approximate 
the dimensions of the apparatus. Thus 
the gas particles can be treated as indi- 
viduals. They have a chance in their 
lifetime of doing something besides col- 
liding with one another. As stated, the 
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dividing line is not sharp. It depends 
upon the gas, the geometry of the ap- 
paratus, and the phenomena under ob- 
servation. The region is usually between 
one-tenth of a micron and ten microns. 

Next let us consider the means of 
obtaining vacua. It is impossible, of 


Fig. 2. 


course, to get into a vacuum chamber 
and remove each gas molecule person- 
ally. We revert, therefore, to a strate- 
gem and make use of a weakness shared 
by gas molecules. In their random 
motions they are always looking for 
lehensraum: if they see a vacant space 
they immediately move in and take over. 
Technically speaking, they diffuse into 
regions of lower pressure. Therefore, if 
we can keep removing gas from a part 
of the vacuum system, we will eventual- 
ly reduce the pressure of the whole sys- 
tem. 

Two general types of pumps are com- 
monly used in vacuum practice — me- 
chanical positive-displacement pumps, 
usually rotary; and vapor diffusion 
pumps. Many commercial variations 
are available using the same basic idea 
for the mechanical pump. A housing 
(see Fig. 1 for one type) contains a ro- 
tating member and sliding vanes sealed 
in oil. Gas admitted to the pump is com- 
pressed and allowed to escape to atmos- 
phere. The pumping speed of such a 
device depends upon its size and speed 
of rotation. Pumping speeds from a few 
liters a minute to many hundreds of 
liters a minute are commercially avail- 
able. The degree of vacuum obtainable 
is well below a micron. In actual prac- 
tice, however, one is fortunate to obtain 
vacua under 10 microns consistently. 
This is not necessarily due to a short- 
coming of the pump, of course, as the 
condition of the vacuum system may be 
the controlling factor. Pump speeds 
drop off rapidly below a micron. 


When a better vacuum is required 
than that obtainble with the mechani- 
cal pumps, it is customary to place a 
vapor diffusion pump in series between 
the mechanical pump and the vacuum 
system as shown in the block diagram 
of Fig. 2.* The operation of this type 
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Series Arrangement of Pumps in a High-vacuum System. 


of pump can be explained by the simple 
one-jet device shown in Fig. 3. Vapor— 
usually either mercury or a specially- 
prepared oil—leaves the heated boiler 
and emerges from the nozzle in a uni- 
directional jet. Gas molecules from the 
vacuum system diffuse into this region 
where they mingle with the pump va- 
pors and are given a boost along toward 
the exhaust port which is in reality the 
inlet to the mechanical pump. 

The pump vapors having performed 
their duty condense out on the pump 
walls and the liquid returns to the boiler 
where it can again start its working 
cycle. The evacuated gas enters the me- 
chanical pump which exhausts it to 
atmospheric pressure. 

Vapor pumps cannot exhaust into 
atmospheric pressure. They require a 
“fore pressure” or “forevacuum” of 20 
microns to a mm. Hg depending upon 
the pump design. Mechanical pumps 
when used in this capacity are called 
“fore pumps” or “backing pumps.” The 
speeds of vapor pumps are generally 
higher than those of mechanical pumps, 
usually being rated in terms of liters 
per second rather than the liters per 
minute of mechanical pumps. Pumps 
having speeds of one or two liters per 
second up to thousands of liters per 
second are available. 

The performance of a vapor pump is 
determined by the efficiency of nozzle 


*Figs. 2 to 7 incl. are reproduced by per- 
mission from Techniques in Experimental 
Electronics by C. H. Bachman, published by 
John Wiley & Sons, Inc. 


ig. 3. Molecular Vapor Diffusion Pump Types. 
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design, the type of pump fluid use: 

number and size of stages and the 

pressure. Under the best condit 

with good pumps, all-glass bake 
systems, etc., vacua of 10-7 mm. H; 
not too difficult to obtain. In the so-« 
dynamic or demountable systems v 
metal and rubber parts are present, 
or 10-° represent good values. In « 

case the mean free path is such 

high vacuum conditions prevail. 

Various phenomena are availab| 
measuring the degree of vacuum. A 
we will neglect the region above a 
1 mm. Hg where Bourden gages 
simple U-tube manometers are use: 

One of the oldest and most usefu 
vacuum gases is the McLeod. In 
gage (Fig. 4), a known volume of » 
at the pressure of the vacuum cham! 
is, tapped off and compressed int 
capillary. This compressed gas is the 
balanced against a column of mercu 
and, from gas laws, the original pres 
sure can be determined. The gage ca 
be made sensitive from about 1 mm. Hp» 
down to approximately 10-5 mm. H¢. |; 
has the advantage that its reading: 
depend upon its geometry. In oth 
words the gage can be calibrated quit: 
accurately from a knowledge of its d 
mensions. For this reason, it is con 
monly used as a standard for calibrat 
ing other gages. It has the disadvantag: 
of using mercury which has a relativel: 
high vapor pressure at room tempera 
ture and so must be “trapped” wit! 
refrigerant. Also, the gage does 1 
indicate condensable gases. 

Next, there are several gages sens 
tive in the vacuum range of 1 mm. H¢ 
down to 1 micron which depend upo: 
the removal by gas molecules of heat 
from a sensitive element. The better th: 
vacuum, the less heat will be removed 
This phenomenon can be used in 
number of ways. 

In the Pirani gage, a balanced bridg: 
circuit is arranged with a fine wir 
filament in the gage as one arm of thé 
bridge. (See Fig. 5.) Current is passed 
through the circuit, tending to heat th: 
filament. Different temperatures wi 
be reached by the wire, depending upo: 
the gas pressure. These variations ii 
temperature result in resistance varia 

Pi 
To vGcuum 
chamber Vo 








Hg colum. 
Fig. 4. Operating Principle of McLeod Gage. 
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of Fig. 5. Pirani Gage Bridge Circuit. 
lan 4 arrangement to some other valu , etc. 
inti ‘ The accent was placed upon ultimate 
s the » tions which throw the bridge circuit vacuum achievable. A field which I 
ercur (. outot balance. The amount of this effect should like to discuss is that of hold- 
pre can be calibrated against the pressure. ing a vacuum accurately to a predeter- 
re cay fe Im the thermocouple gage the fine mined value. This is essential in some 
m. Hy — filament, heated by the passage of cur- operations and desirable in many others. 
He | | rent, is arranged to heat a small ther- Those who have done it know that it 
iding | mocouple (see Fig. 6). In this case the is not always easy. Two methods are 
other | thermocouple output is a measure of available. In one, the pumps are allowed 
quit. gas pressure and can be calibrated. to run continuously and balance is ob- 
ts di- The thermistor, whose resistance is tained at the desired vacuum by the 
ae very sensitive to temperatures, has been introduction of gas, either by genera- 
ibrat used for vacuum indicating purposes, tion within the system or (more com- 
ntagi suitable resistance-measuring equip- monly) by controlled leakage from with- 
tivel, ment being necessary. out. The rate of leakage required is 
pera- These gages all depend upon pheno- usually quite low; and means for con- 
ith 2 mena exhibited by a fine wire or ribbon trolling the leakage rate may make use 
7 which is subjected to temperature of very finely drawn capillaries, the 
changes as a result of the cooling effect porosity of materials such as unglazed 

ens | of the surrounding gas. In such gages porcelain, and constrictions such as are 
. Hy —) the kind of gas is one of the variables— obtained with flattened copper tubing. 
upor different gases having different cooling Such control means are not too reliable. 
heat effects. Small dust particles play havoc with 
r the In the region below a micron the capillaries. The range of control pos- 
ved phenomenon found most useful is that sible with a given controlled leak is 


na I of ionization. In the ionization gage 
a predetermined supply of ionizing par- 


idge ticles is fed into the ionizing region. 
wire The positive ions formed are collected 
the by a negatively charged plate (see Fig. 
ssed 7). The number of positive ions col- 
the lected is an indication of the gas pres- 
wi! sure. A version of this gage, commonly 


called the Philips gage, imposes a mag- 
netic field to give the ionizing particles 
a helical path. This longer path insures 
greater ionizing efficiency and therefore 
| greater sensitivity. Although most ioni- 
| zation gages use electrons as the ioniz- 
ing particles, the National Research 
Corporation’s “Alphatron” makes use 
of particles from a radioactive source. 
Ionization gages have different con- 
' stants or calibration curves for different 
gases. 
: I have discussed so far only the most 
commonly-used vacuum gages. There 
are many others based on other prin- 
ciples. Among these are the Knudsen 
' gage, the vibrating quartz fiber, the gas 
' discharge “Skanscope” and, although 
> not a gage but a useful indicator, the 
spark-coil-generated glow discharge. 
Now, in discussing pumps it was men- 
tioned that one arrangement might 
pump down to one value, some other 


NA Lace SRM Ped se 


lieeabian ccna oe 


neither predictable nor large. 

In spite of these drawbacks, this 
method is used more frequently than 
the alternative. In this other method 
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7. Simple Circuit for Ionization Gage. 


Little if any attention has been given 
to the control of the pumping rate. This 
is understandable in the case of high 
vacua where vapor pumps are used, 
since they are not amenable to speed 
control. Either the pump is working or 
it is not. In the region handled by me- 
chanical pumps, however, there is a 
good possibility of control either con- 
tinuously through speed of drive or by 
closely controlled intermittent pumping 
action. Continuous speed control as dic- 
tated by a gage is quite possible. How- 
ever, with standard pumps and motors, 
this method would be rather expensive 
and complicated. The intermittent con- 
trol, either of the pump or a solenoid 
valve, would seem to offer better possi- 
bilities. An experimental model of a 
control gage based on the thermal ex- 
pansion of a heated filament is shown 
in Fig. 8. This device carries a pair of 
contact points which can contro] signa] 
means, or, as we will discuss, a relay 
in the pump motor line. There are two 
methods of obtaining a setting for a 
desired vacuum. The metal bellows 
method is shown. This device adjusts 
the gap between contacts so that closure 


Metal bellows 
Pan adjustment 


a 


Contact points 
ee 


Spring tension 
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Fig. 8. Thermal Expansion Type Vacuum Switch and Indicator 


the system is made as tight and clean 
as possible and the pumps applied. 
When the desired vacuum is reached, 
the system is closed off from the pumps 
and it is hoped that the gas pressure 
will not rise too rapidly. When it does, 
the system is again pumped down. 
Both methods leave much to be de- 
sired. Most attention has been given to 
the system where a controlled leak is 
balanced against a fixed pumping rate. 


occurs at a desired expansion (pres 
sure). In the second method, the bel- 
lows mechanism can be eliminated and 
a fixed contact spacing retained in 
which the heating current through the 
filament is controlled to give closure as 
desired. This device will stop and start 
the pump automatically and I have held 
pressures constant to better than 10% 
with it from a few microns up to sev- 
eral hundred. I believe that the sensi- 
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tivity can be substantially increased 
and I am continuing to work in this 
direction. 

While I was working with this con- 
trol, the Skaneateles Manufacturing 
Company made available to me an ex- 

perimental model of a control device 
which now commercially available 
and which appears to have a remark- 
able sensitivity. Fig. 9 shows the instru- 
ment case containing the control equip- 
ment. The gage tube proper consists 
essentially of a pair of ring electrodes 
supplied with about 3800 volts. Condi- 
tions are such that the resulting gas 
discharge is of the abnormal type. The 
current flow in such a discharge is quite 
sensitive to pressure and, in this case, 
the current is fed into a simple control 
circuit which may be used to actuate 
signalling or controlling devices. When 
used in the pump motor line it is pos- 
sible to start and stop the pump very 
closely around the pressure for which 
the control is adjusted, 

The device is extremely sensitive. In 
operation, the pump at times will turn 
through only part of a revolution be- 
fore it is again shut off. Measuring the 
vacuum with a continuously-indicating 
thermocouple gage, I have used these 
monitors vacuum switches to hold 
the pressure in a system to variations 
of less than 1%. This control gage is 
now available for the range of a few 
microns up to a mm. Hg. Since it ap- 
pears to have extremely stable charac- 
teristics, and there is nothing to burn 


is 


or 








Fig. 9. Control Unit for ‘‘Skanascope’’ Vacu- 
um Monitor. (Courtesy Skaneateles Mfg. Co., 
Syracuse, N. Y.) 


out, the device would seem to be well 
adapted to industrial as well as to 
laboratory use. 

Both the commercial instrument and 
my thermal expansion device could be 
adapted to be used for ordinary indi- 
cating purposes. I believe, however, that 
their greatest value lies in the field of 
accurately controlled vacua. This field 
is quite broad and includes both indus- 
trial and laboratory applications. 

For instance, in my experimental 
work in connection with gage sensi- 








tivity, it has been a great relief 

able to hold the entire vacuum s) 
to one vacuum value, study all ti 
sired parameters, and then set fo 
other value. Heretofore, it has 

necessary to try to get the inform 
“on the fly” as the indicated pre 
passed through a point or else d 
balancing technique with the pumps 
a controlled leak. 

In many applications a specific 
atmosphere is required at some des 
pressure. With this new control 
nique, the gas can be admitted 
tinuously and slowly at a fixed rat« 
the pressure adjusted by contr 
pumping. Variations in leak rate 
any reason are automatically cared 
I have not yet had opportunity to co) 
trol the pumping rate by an inter 
tently-operated solenoid valve, but 
should prove just as sensitive. 

It should be pointed out that controls 
actuated through pressure-sensitive de. 
vices are not new. The literature has 
many papers describing means of tur 
ing off hot filaments or associated 
equipment when the pressure rises ex 
cessively. However, I know of no app! 
cations such as I have described her 
for holding the system at a desired 
vacuum. I hope that my discussion her 
may stimulate interest in this fi 
which has been so peculiarly neglected 
and which potentially is so useful. 

I wish to thank the Skaneateles Man- 
ufacturing Company for their codpera- 
tion in making equipment available 


The INSTRUMENT TROUBLE-SHOOTER 


By H. K 


NTOLD amounts of brain power 
| | and of scientific knowledge have 

been expended in the development 
of newer and more complicated instru- 
ments, which will undoubtedly do even 
better jobs of measurement and of 
automatic control. 





But what about those of us—you and 
me, the Instrument Men—who must 


our 
lack of intelligence, but our inability to 
think straight. 


. MONK, E. I. duPont de Nemours Co., Belle, W. Va. 


strument does as it does. In some of the 
instruction 
Table or an Index, in cause-and-effect 
style, of a lot of Instrument failures. 


manuals there is even a 


But most of our failings are due to 
own “knot-headedness,” not our 


It is the purpose of this discussion 


service and maintain these “Rube Gold- 
berg” contraptions? Is anything being 
done to help us do an increasingly more 
complicated job of keeping in proper 
operating condition these Instruments 
of higher production, lower costs, and 
higher-quality product? 

Classes are held annually during ISA 
conferences. In some industrial centers 
there are trade schools to attend; and 
wherever you live there are corre- 
spondence courses to take and books to 
study. More manufacturers’ instruc- 
tions roll off the printing presses and 
mimeographs than a man could read in 
a year—let alone study. There is “on- 
the-job” training and even the war-born 
“thirty-day wonder” training. All these 
to help us know How and Why an In- 
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to point out how and where we can all 
improve our ability to think straight, 
to add that extra punch—to solve prob- 
lems. 

You Instrument Men have proved 
your ability to solve problems in a wide 
variety of circumstances—anything 
from a simple pressure gage to elec- 
tronic calculators and cascade control 
systems. You Instrument Men are 
called on to find out what’s wrong with 
very nearly anything that isn’t working. 

Just the other day a man from the 
laboratory called and said he had some 
kind of dish-washer which would not 
work and the electrician had put in 
six (6) fuses in the last six (6) min- 
utes and the fool thing had only rotated 
six (6) times. 





After the Instrument Man turned 
over one of the trays—which had been 
installed wrong—-the machine started 
off merrily and we haven’t heard from 
it since. 

That’s not unusual! Instrument Me: 
make good trouble-shooters on all kinds 
of gadgets. Why can’t we be good 
trouble-shooters on Instruments? 

I dare say none of us knew in ad- 
vance what we were going to be called 
upon to know when we got into the In- 
strument field. 

We more-or-less drifted into it. 

There was no formal schooling, no 
formal apprenticeship courses to take, 
and very little written about Instru- 
ments, which would prepare us for the 
job ahead. 

With Instruments being used the wa) 
they are today, an Instrument Man is 
called in almost every time there comes 
up a case of operating difficulty. 

Not long ago an operator was pump- 
ing material from a tank, and it was 
important that he pump out just the 
right amount for this batch type 
process. 
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| He had everyone all excited because 
be was getting false readings on the 

nnk gage manometer. Also, the mate- 
ial wasn’t flowing out of the tank fast 
nough to suit him. 
» After checking the installation briefly, 
She Instrument Man asked if the tank 
Sent was open. 

| The operator and everyone assured 
‘ im that everything was all right. Why, 
ithe electricians had checked the motor; 
‘and the millwrights had just over- 
hauled the pump; and the pipe lines 
Hhad all been taken out and cleaned 
; just a few days before—it must be that 
darned Instrument! 

After more questioning, the Instru- 
ent Man found that a pressure seal 
ad been installed on the vent line. It’s 
wonder the tank hadn’t collapsed. 


In order to solve our day-to-day prob- 
ems, we must constantly add to our 
store of knowledge, which may include 
lanything from simple arithmetic to the 
theories of nuclear physics. 


| The man who consistently solves his 
problems is not just plain lucky, nor 
whas he faced this particular problem 
"before: He has trained himself to be 
‘a logical thinker. 

| This logical thinker 
‘good trouble-shooter. 

| His reputation is a goal toward which 
we should all strive. 

Let us look at this man and see why 
he solves the problems when so many 
dof us fail. 

His formal education was probably 
‘no better than ours; but he has retained 
‘his knowledge of mathematics, chemis- 
itry and physics, which he uses to ad- 
| vantage. 
| His experience is probably no broader 
‘than ours; still, he has paid attention 
\to details to such an extent that he can 
‘look at an instrument part and tell you 
' where it goes and what it is for, even 
'though he may not have seen the in- 

' strument for a long time. 

Is his workmanship any better than 
jours? Not necessarily. There are other 
' good mechanics—some, maybe even bet- 


is known as a 


| ter. But he always uses the correct tools 


for each job. 
He always leaves the job clean and 


» orderly. No unfinished details for him: 
' his job is always complete. 


Yet, all of these are only minor dif- 


ferences, which still don’t explain why 
: he can get things working so quickly. 


Just the other day a man was called 


| to service a controller which had been 
_ hunting for several days. 


Several good mechanics had checked 


| every part and made every adjustment, 
_ but no one had found the trouble. 


He looked at the chart for a while 


) and, while talking to the operator, he 


gently moved the pen up the chart, then 
down. 
Turning to the operator he said, “I 


» believe that it will control O.K. when 


[ correct the lost motion in the pen 
mechanism.” 
And so—another problem solved! 


This good trouble-shooter never takes 


anything for granted, yet he doesn’t 
have to check everything when looking 
for trouble. 

He usually checks only two or three 
things and finds the difficulty. 

He must do a lot of fast thinking. 


But the rest of us can think fast, 
too. Maybe it’s the way he thinks that 
counts. 


He never guesses about a thing. When 
he doesn’t know all the facts, he stops 
to think it through. He has reason for 
everything he does. 


Not long ago a new temperature 
recorder was put in service and, soon 
after, an operator called to say that 


one of the couples seemed to be reading 
about 20 degrees low, 

The good trouble-shooter told the op- 
erator that this didn’t sound right for 
a six-point Instrument but that he 
would look at it. 

When he arrived, he checked only one 
thing, the selector switch, to see if it 
was open on that point. 

When it wasn’t, he reversed the leads 
in the Instrument, then went outside 
and reversed them again at the couple. 
Everything was O.K. Another problem 
solved! 

He later explained that the Instru- 
ment must have been all right other- 
wise the rest of the couples would have 
been low. 

But—how did he discover what was 
wrong so soon after getting there? 

He noticed that the chart indicated 
a gradual rise in this couple, and by 
the same amount as the outside tem- 
perature. 

He also noticed that the difference 
now was about the same as that be- 
tween room temperature and outside 
temperature. 

In other words, he used his reasoning 
power to solve a problem, 


This is the basic difference between 
a good trouble-shooter and a good in- 
strument mechanic. His reasoning was 
a deliberate and critical use of his 
knowledge to solve a problem. 

Some of us may wonder if we can 
learn to reason. 

Undoubtedly we are born with dif- 
ferent degrees of reasoning power, but 
we can all improve by conscientious 
effort, 


Let us take in proper order the steps 
of reasoning: 

The first step is recognition that a 
problem exists. 

This depends mainly upon our knowl- 
edge of the correct performance of the 
Instrument. We can gain this knowl- 
edge only by taking enough interest in 
our work to study, and learn as much 
as possible, before we are called to do 
a job. 

Never pass up an opportunity to 
learn anything new! 

The second step is careful examina- 
tion of all the facts—both observed and 
retained from previous experience. 

The most important part of this sec- 
ond step is to notice the little details. 





These little details often limit the num- 
ber of possible answers to the problem. 
In the third step, we must imagine 
all possible answers and eliminate them 
one by one until have chosen the 
most likely to be correct. 

In the fourth step, we are 
prove or disprove our most likely choice. 
We must be adventurous enough to try 
out this solution; otherwise our solving 
the problem is a waste of. time. 

The fifth step is realization that the 
problem no longer exists: We must 
know enough about the Instrument to 
know when it is operating properly. 

In running through these steps of 
reasoning, it can be seen that we can 


we 


ready to 


all improve our ability to solve prob- 
lems. 

There are, however, three main 
sources of error in our reasoning. 

We must constantly guard against 
them, 

In the order of their importance, they 
are: 

First. Delusions.—This means that 


we believe what we want to believe. In 
other words, we are not indifferent to 
the outcome of our decisions. 

Second. Rationalization —This hap- 
pens when we spend time justifying 


ourselves for the action taken. A pure 
waste of time! 
Third. Indecision.—This is a result 


of trying to reason about every action. 
After once reaching the solution to a 
problem, we should automatically reach 
the same solution again, when faced 
with the same problem. Thus it becomes 
a habit. 

When we are guilty of any 
these three errors in our reasoning, or 
when we do not constantly strive to 
add to our store of knowledge, we are 
unmistakably limiting our ability to 
solve problems. 


one of 


With such fast development in our 
field of work, we must all develop our 
trouble-shooting ability. 

There are many times, however, when 
it should not be necessary to stop and 
analyze all the possibilities of error. 
Some jobs which are of a repetitive na- 
ture we should form the ability to do 


by habit, leaving ourselves free for 
greater activity and more productive 
thinking. 


To meet the needs of our fast-grow- 
ing field of work we will need more 
and more people capable of solving 
complicated problems. 

From past experience, technical men 
are included as well as the service 
mechanics. 

The future of a good trouble-shooter 
looks more promising every day. 

Industry is constantly looking for 
good trouble-shooters. 

Let’s not wait for necessity to drag 
us out of our mental laziness. 

Let’s meet the future half-way by 
improving our ability to solve problems. 

Remember: you can improve your 
reasoning. The first step is to recognize 
that a problem exists. 

Are YOU the Problem? 
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Radio-frequency Mass Spectrometry—A 
Promising New Analytcal Method 


By WILLARD H. BENNETT, Chief, Physical Electronics Section, Atomic and Molecular Physics Division, 
National Bureau of Standards, Washington, D. C. 


NVESTIGATION of the conditions 
[ tor the formation of negative atomic 

ions of the heavier metallic elements 
has led to the development of an ex- 
tremely valuable method for detecting, 
separating, identifying, and measuring 
such ions. 

Since negative atomic ions, consisting 
of atoms with extra electrons, have 
very iow energies of formation, their 
study has been difficult because of the 
rapid dissociation of the ions in very 
short distances of travel; that is, before 
they can reach a measuring electrode. 
The exacting requirements have now 
been met by means of a specially-de- 
signed vacuum tube which provides a 
greatly simplified and flexible radio- 
frequency mass spectrometer. 

This spectrometer not only opens up 
a new means of exploring the little- 
known fundamentals of negative atomic 
ions but its characteristics make it 
widely applicable for other uses, in- 
cluding the mass spectrometry of posi- 
tive ions. 

Negative atomic ions have been de- 
tected for only a few elements since 
they were first discovered about forty 
years ago, although accepted theory has 
indicated the possibility of producing 
such ions from many of the elements. 
Experiments begun at the NBS in 1946 
indicated that negative atomic ions 
might well exist in the many familiar 


Fig. 1. Adjusting the new simpli- 
fied and flexible radio-frequency mass 
spectrometer at the NBS. 
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forms of electrical discharge in vacuum 
tubes, but that they would not be de- 
tected if the distance through the tube 
between the discharge and the electrode 
was large. It was necessary, therefore, 
to devise an experimental method for 
separating and identifying such ions 
within distances of a few centimeters. 
This was accomplished through the new 
mass spectrometer tube. 

In its more advanced form, the three- 
stage spectrometer may be used for 
positive ions as well as negative ions. 
The equipment consists essentially of a 
multigrid tube in which an adjustable 
radio frequency is applied to three grids 
while all other electrodes are held at 
the proper d-c. potentials, and the ion 
current is measured at the plate. The 
more exacting requirements of neg- 
ative-ion separation require the use of 
a small magnetic field produced with 
coils, but, if positive ions are being 


separated, no magnetic field is nvej 


Because large electromagnets or tub: 


containing electrodes with ela 
slit systems are not required i) 
method, the radio-frequency mass 
trometer should find wide applic: 
where its resolution is sufficient 
where the expense of the more e); 
ate, conventional beam-deflection equ 
ment is not justified. 

One of the principal limitations 
the resolution possible with the or 
nary mass spectrometers using 
netic deflection of beams has bee: 


spread in energies of the ions at th 


ion source, The percentage spread 
casioned by this factor can be reduc 
by increasing the voltage applied to t 
ions before they are magnetically 
solved. The extent to which this can | 


done is limited, however, by the ma, 


netic field that can be obtained i: 
space sufficient to contain the tube. 


(Left) Fig. 2. Close-up of the new two-stage nine-electrode radio-frequency 
mass spectrometer. (Right) Fig. 3. Special negative-ion research tube developed 
at the NBS to meet the exacting requirements of negative-ion investigation. 
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Fig. 4. Close-up of the type of grid 
utilized in the new r-f. mass spectrome- 
ter. The 95% open area makes the 
large number of grids (electrodes) 
practical and is one of the essential 
new factors in the NBS tube. 


In the radio-frequency mass _ spec- 
trometer, this difficulty is eliminated, 
and the voltage of the ions can easily be 
pushed up at least an additional order 
of magnitude to any value for which in- 

'sulation can be provided. The frequen- 
‘cies required are then increased by an 
' amount equal to the square root of the 
| factor by which the voltage is increased. 
| Raising the voltage from 100 to 10,000 
| volts, for example, increases the fre- 
quencies tenfold, and reduces the per- 
‘centage spread of mass lines (due to 
| velocity spread in the ion sources) by 
' a factor of one hundred. 
|. The first successful radio-frequency 
' mass spectrometer, a single-stage six- 
\ electrode tube, consists of a cathode 
about which are arranged four co-axial 
| cylindrical grids and an ion-collecting 
| plate. Helmholtz coils surrounding the 
| tube provide a 100-gauss magnetic field 
| in a direction parallel with the axis of 
| the tube. Such a field is required in 
| negative-ion work to confine the elec- 
' trons to the space inside the first grid 
' and to avoid the formation of positive 
‘ions in parts of the tube where the 
| negative ions may be neutralized be- 
fore they reach the detecting electrode. 

In the operation of the single-stage 

negative-ion spectrometer tube, ions 


' arising at the cathode are accelerated 


through the first grid at a velocity cor- 
responding to the d-c. potential of that 
grid (say 15 volts). They are further 
accelerated by the field due to the po- 
tential on the second grid which is an 
alternating radio frequency (say 5 


| volts) plus a d-c. potential (reduced to 


10 volts). The third grid is held at a 
d-e. potential (reduced to 5 volts). 
Those ions which pass the first grid at 
the proper phase of the r-f. field, and 
which have a mass and related veloci- 
ty such that they pass through the sec- 
ond grid while the r-f. potential 
changes phase, receive an additional ac- 
celeration due to the r-f. field while 
travelling to the third grid. It was 
found experimentally, verifying theo- 
retical calculation, that ions passing 








the first grid at 45° 27.5’ of phase 
angle of the alternating current on 
the second grid, and having just the 
right mass (and corresponding veloci- 
ty) to pass the second grid at 180° of 
phase angle of the current on that grid, 
will pass each of the first three grids 
with the same velocity (corresponding 
to 15 volts), although the d-c. poten- 
tials on those grids are successfuly re- 
duced. This is caused by the ion picking 
up energy from the field of the alter- 
nating current on the second grid since 
the change in phase occurs as the ion 
passes through this grid. 

A blocking potential difference, near- 
ly equal to the maximum energy which 
an ion with the proper mass (corres- 
ponding to the frequency) could pick 
up from the alternating current, is ap- 
plied between the cathode and the 
fourth grid, The blocking potential may 
be, for example, 9.6 volts negative with 
respect to the cathode. The collecting 
electrode, or ion-collection plate, is held 
at 40 volts positive with respect to the 
cathode to insure that no positive ions 
will reach the anode. An electrometer 
tube circuit and galvanometer are used 
for measuring the selected ion currents 
to the anode. An a-c. potential of 5 
volts may be used while d-c. potentials 
of less than 100 volts are applied to 
the other electrodes. The required fre- 
quency range extends from 3300 ke. 
for a mass value of % to 104 ke. for 
mass value 250. This range of readily- 
producible radio frequencies more than 
covers the full mass range of all ele- 
ments. 
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Schematic diagram of the 
first successful r-f. mass spectrometer. 


Fig. 5. 


This single-stage, six-electrode tube 
consists of a cathode, a, about which 
are arranged four co-axial cylindrical 
grids ( 6, c, d, e) and an ion-collect- 
ing plate, f. The electrodes are closed 
at the ends with mica disks (g, g) ex- 
cept for the hole in the lower disk 
through which the glass-insulated ca- 
thode lead, b, extends. By surrounding 
the tube with Helmholtz coils, a mag- 
netic field may be provided for nega- 
tive-ion work. 


By extending the method to three 
stages in a twelve-electrode tube, either 
with cylindrical or parallel-plane elec- 
trodes, and applying the r-f. to three of 
the grids, a high order of mass resolu 
tion is obtained. Such a large number 
of grids would not be practical in a 





tube if the usual woven-wire screens 
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Fig. 6. By observing the negative 
atomic ions produced at an oxide- 


coated cathode in a water-vapor atmos- 
phere at less than 10 ® mm. of mercury 
pressure, mass-resolution data were ob- 
tained at the NBS with the r-f. mass 
spectrometer for plotting this resolu- 
tion curve. 


were used. There is available now, how- 
ever, a knitted wire fabric which has 
more than 95% open area and with 
which this kind of tube can readily be 
constructed. This apparatus may be 
used in the mass spectrometry of posi- 
tive ions and in ionization studies, as 
well as in the present negative-ion in- 
vestigations. The magnetic field is again 
applied in a direction parallel with the 
planes of the grids for negative-ion 
investigations. A collimating electrode 
containing the cathode is used to direct 
the ions in a direction approximately 
normal to the planes of the grids. 

In the positive-ion mass-spectrometer 
tube, the ions, accelerated toward the 
second grid, are resolved by the applica- 
tion of a radio frequency on the third 
grid, just as in the single-stage tube. 
The distance between the fourth and 
fifth grids is selected to assure that 
those ions which acquire the maximum 
energy from the alternating-current 
fields at the first stage (grids 2, 3, and 
4) will travel from grid 3 to grid 6 in 
the time that the radio frequency takes 
to traverse an exactly integral number 
of cycles. The same r-f. is applied to 
the sixth grid as to the third grid and 
the other potentials on the second stage 


(grids 5, 6 and 7) are selected in a 
similar manner to those for the first 


stage. The blocking potential is applied 
to the anode, and the selected ions are 
collected there. 

The simplicity and low cost of the 
radio-frequency mass spectrometer 
should make it attractive not only in 
those applications in which its special 
characteristics make it superior to any 
other kind of mass spectrometer, but 
also in those laboratories where the ex- 
pense of other types of equipment is 
prohibitive. 
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New “Two-method” Phase Meter Makes Possible 


World-wide Navigation Systems 


By E. F. FLORMAN, National Bureau of Standards, Washington 25, D. C. 


N improved electronic phase meter 
A having significant advantages over 
previous instruments of this type 
has been developed* at the National 
Bureau of Standards in connection with 
studies of radio wave propagation. The 
new instrument, designed for a fre- 
quency range of 100 to 5000 cycles per 
second, records directly the phase angle 
between two sinoidal voltages having a 
variation of 1 to 30 volts. 

Intensive studies of low-frequency 
propagation paths are being made at 
the NBS to obtain quantitative basic 
information on the propagation factors 
which limit the ultimate attainable ac- 
curacy of any low-frequency radio navi- 
gation system. Such information should 
be of value in choosing a radio-naviga- 
tion system for a specific purpose and, 
ultimately, in the choice of a practical 
world-wide system. In this work, differ- 
ential phase changes caused by changes 
in the propagation medium over the 
paths traversed are studied by analysis 
of the relative phases of incoming waves 
received at two separate collectors. It 
was therefore necessary to obtain a 
phase meter capable of reliable results 
over the frequency range under investi- 
gation. It was found that available in- 
struments of this type did not operate 
satisfactorily over the necessary ranges 
of voltages and frequencies and were 
rather unstable during extended peri- 
ods of observation. The Bureau there- 
fore undertook the development of an 
electronic phase meter for this use. 

To insure stability in the receivers, 
as well as in the phase-measuring in- 
strument itself, it was decided to obtain 
an audio-frequency beat note at each 
collector and to compare the phases by 
means of an audio-frequency phase 
meter. The resulting instrument has 
proved exceptionally stable over long 
periods, as well as sensitive and reliable 
over a wide range of voltages. It is thus 
well adapted to serve as standard test 
equipment in industrial laboratories. 
Other possible applications include use 
in electronic distance-measuring devices 
in surveying; altitude determination 
for aircraft; navigation systems de- 
pending on phase changes; studies of 
distortion in telephone cables; and 
measurement of the phase characteris- 
tics of transmission lines, filters, and 
transformers. 

The phase meter developed at the 
Bureau consists of the two channels of 
cascaded amplifiers and limiters follow- 
ed by two types of phase indicating 
circuits. The two indicating circuits, 
known as the “sum” indicator and the 


*By the author and A, Tait, also of the 
NBS. 
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“trigger” indicator, are based upon dif- 
ferent principles in order to afford a 
direct comparison between them. 

Effectively, the sum indicator func- 
tions by measuring the algebraic sum of 
the square waves appearing in the simi- 
lar channels, This algebraic sum is pro- 
portional to the phase angle between 
the input voltages but is ambiguous 
about the 180-degree value, that is, the 
same dial reading is obtained for a 
phase difference of 170 degrees as for 
a phase difference of 190 degrees, The 
two square waves are each applied to 
the grids of separate tubes having a 
common plate resistor. The average 
current through this resistor is directly 
proportional to the phase angle between 
the square waves and is therefore pro- 
portional to the phase angle between 
the sinoidal input voltages. This aver- 
age value is obtained, by means of a 
diode rectifier and a balanced amplifier, 
on a milliammeter which serves as the 
phase indicator. The balanced amplifier 
circuit is arranged by means of proper 
shunts to give three ranges of phase- 
angle measurements: 180 to 135 or 225 
degrees; 180 to 90 or 270 degrees; and 
180 to 0 or 360 degrees. 

In the trigger indicator system, the 





square waves are first applied t 

grids of amplifier tubes, and the a 

fied square waves are then different 
ated in the plate circuits of these tubes 
The resultant voltage spikes, whic 
occur at the instant of rise or fa!! o; 
the square waves, are applied to a dio 
polarity-discriminator tube, which su, 
presses the positive voltage spikes ar 
passes the negative impulses to th 
grids of a modified Eccles-Jordan trig 
ger circuit. The trigger circuit is x 
connected that when a negative impuls 
is applied to the grid of one of a pa 
of tubes, that tube cuts off, simultan 
ously firing the other tube. In tun 
when the second tube receives a nega 
tive pulse, it cuts off, again firing the 
first tube. As a result of this process, 
the average current flowing in the plat 
circuit of the trigger tubes is a measur 
of the time interval between voltag: 
spikes from the two channels of th 
phase meter, and this time interval co1 
responds to the relative phase of th 
sinoidal input voltages: Both recording 
and indicating milliammeters are use 


with shunts to give three ranges of 


9) 


phase-angle measurements: 130 to 2 
degrees; 80.to 280 degrees; and 0 t 
360 degrees. The phase-angle readings 





The improved phase meter uses two separate indicating systems: the “‘trigger’’ indicator (left) ; the 


“‘sum"’ indicator (right). (Recording instruments not shown in this view.) 


AMP.}— LIM, 
ofame} cin 
INPUT VOLTAGE A 


Block diagram of new phase meter, 


Sinoidal input voltages A and B, whose phase differ- 


ence is to be measured, are first converted to square 
waves by passage through separate channels of cascaded 
amplifiers and limiters and are then applied, for com- 
parison, to two different phase indicators identified as 
indicator adds the 

square waves on the common plate resistor of the two 
amplifier tubes connected into each channel. The cur- 
rent through the plate resistor—a measure of input 
ase difference—is then indicated on a milliammeter. 
RP the trigger system, the square waves are amplified, 
then differentiated in the plate circuits of the amplifier 
tubes. The resultant voltage spikes are applied to a 


‘sum’’ and “‘trigger.’’ The sum 


INPUT VOLTAGE B 


polarity discriminator which 


milliammeter. 
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asses negative impulses to the grids of a trigger circuit. The current 
in the trigger tubes, proportional to the phase angle between input voltages, is measured by the 
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in the trigger indicating circuit are 
ynambiguous, but the circuit is inher- 
ently unstable for phase angles in the 
neighborhood of 0 and 360 degrees, 
since here the order of firing of the 
tubes alternates irregularly. However, 
exact values may be obtained for phase 
angles in this region by the use of the 
sum indicator. 

The new instrument reads and re- 
cords phase differences with a sensitivi- 


ty of 0.5 degree. In a series of tests at 
the NBS, the curve of phase-meter 
reading versus phase was found to be 
linear within one degree over a range 
of input frequencies from 100 to 5000 
cycles per second. For extremely rapid 
changes in the amplitudes of input volt- 
ages from 1 to 20 volts, the readings 
showed a phase change of but one de- 
gree. Observations were independent of 
frequency from 100 to 5000 eps. In this 





input voltages 


for 
from 2 to 15 volts, the readings varied 
only 0.25 degree for a line-voltage vari- 


frequency range, 


ation of 100 to 120 volts. A 72-hour 
stability test showed that the maximum 
drift after the first 15 minutes of 
warm-up was approximately 1.6 degrees 
while the maximum rate of drift was 
0.25 degree per hour. Throughout the 
tests the sum and trigger indicators 
checked each other closely. 


A New Rapid (millisecond) Automatic Equi-step “Staircase” 
Method of Calibrating Voltage-actuated Recorders 


By H. L. CURTIS, National Bureau of Standards, Washington 25, D. C. 


N precision measurements of rapidly- 

changing voltages, it often is desir- 

able to calibrate the recording in- 
strument as soon as possible after the 
record has been completed. For exam- 
ple, in making a continuous record of 
the electric potential developed by a 
lightning stroke, it may be essential to 
calibrate the recording instrument be- 
fore the arrival of the thunder since 
the shock of the air-wave might change 
the calibration. Similar considerations 
led to the development* of a method for 
calibrating cathode-ray oscillographs 
used to measure the ballistic phenomena 
of cannons, because the best results 
were obtained when the recorders were 
within 100 feet of the gun. 

The instruments for measuring the 
pressure of the powder gases, their 
temperature, and the velocity and ac- 





celeration of recoil were so designed 
that each produced an electric potentiai 
which was related to the value of the 
magnitude to be measured, This poten- 
tial was applied to the plates of a cath- 
ode-ray oscillograph, and the deflection 
was recorded on a rapidly-moving pho- 
tographic film. Because the deflection 
was not always proportional to the ap- 
plied potential, a calibration consisted 
in recording the deflections produced by 
several known voltages applied in rapid 
succession to the oscillograph plates, 
thus producing a “staircase record” of 
potentials. 

The potential steps were obtained by 
having a falling weight open contacts 
in succession so as to introduce resist- 
ance into on electric circuit. The prin- 
ciple involved in the calibrator is the 
increase by a known amount of the cur- 
rent in a standard resistance so that 











*By the author (National Bureau of nti _— » tomtntonen le 
Standards) and H. S. Roberts (Geophysi- the potential between the terminals of 
cal Laboratory ). the resistance is likewise increased by 
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a definite amount. The calibrator and 
the measuring instrument are connect- 
ed in series. While the instrument is 
making its record, the calibrator is at 
zero setting, so that the record is not 
influenced by the calibrator. The height 
of the falling weight is adjusted to open 
the calibrator switches after the sig- 
nals of the measuring instrument have 
become zero. Thus the “staircase” cali- 
brating potentials are impressed on the 
same oscillograph plates and the deflec- 
tions are registered on the photographic 
film within a few milliseconds after the 
record is completed. 

The unit was designed, constructed 
and applied to ballistic studies by the 
Bureau’s Interior Ballistics Laboratory. 
Although this instrument was devel- 
oped to provide a decimal 
the maximum of which is adjustable 
from 10 mv. to 100 mv., the principle 
may be applied to calibrators that will 
give any desired number of steps. 


“staircase,” 





Circuit diagram showing the principle eraployed by the NBS Ballistics 
Laboratory to produce a decimal series of potentials of equal steps. The 
falling weight is shown just as it is about to open the third contact. For 
producing (with a 4.5-volt battery) a change of one millivolt in the 
Potential drop across each of the 10 ohm coils in the shunted resistance 
(coils Ri to R10), the shunt resistances in ohms are: 
$1, 10.86 $3, 17.46 $5, 32.59 $7, 81.48 S9, 488.89 
$2, 13.58 $4, 25.28 S6, 48.89 S8, 152.96 $10, infinity 


NBS falling-weight apparatus for callibrating gun-test recording CRO’s 
By providing a ‘‘staircase’’ series of potentials in which the value of each 
step is known, the instrument can be used to calibrate oscillograms imme- 
diately after firing and before the arrival of the shock wave which might 
change the calibration. As the contacts of the automatic calibrator are 
opened by the falling weight, the “‘staircase’’ of calibrating potentials is 
impressed on the oscillograph plates, and the deflections are registered on 
a photographic film within a few milliseconds. 
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The Month’s NEW INSTRUMENT 
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Automatic Intermittent op 
Volumeter-feeder Pressure-reducing Valve in 
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volume measuring tanks by automatic operated construction is designed fo: 
measurement of liquids for batch mixes. het air or ens eervies: handles inlet 
Electrical contacts control fluid content steam, ven Pent ag from 300 we 1500 psi 
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pete conditions of process. Actuat- component, available “off the shelf,” is to 3000 psi. Reduced pressure range is ch 
electromechanical “Model 183-1” re- et 
versing clutch-brake-type servo unit ti 
(illustrated) with continuously-rotating 
0.01-hp. motor, which has a torque-to- 
inertia ratio, expressed as acceleration, 
of about 4000 rpm. per second, hence 
better than that of low-inertia induction ‘ 


motors of equivalent torque output and 
about equal to best available low-inertia 
motors of much lower output. Input is 
supplied to side gearing (allowing con- 
venient stacking of several servos from 
one input shaft); output is taken from 
center shaft, Clutches operate on 24 
volts d.c. but motors are available to 
operate on any of several a-c. voltages, 
frequencies, phases, or on various d-c. 
voltages. Control circuits may be any 
to suit user: simple on-off contacts, or 
synchro systems. or electronic bridge 
circuits, etc. Company can supply elec- 
trical and electronic components to 
make up complete “packaged” servo- 
mechanisms to meet special require- 
ments.—Buehler & Co., 1607 Howard 
St., Chicago 26, Ill. 


Please mention number 4()3 when filling out card 
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from 100 psi to 600 psi. Maximum inlet 
temperature is 1000 F. Construction: 
cast chrome moly steel body with integ- 
ral Stellited seating surface. Available 
in sizes 1 to 2 in. with Series 90 or 150 
flanges or welding ends. Interchange- 
ability of replacement parts makes pos- 
sible complete overhaul without re- 
moval of the main body from the pipe 
jine.—Leslie Co., 225 Delafield Avenue, 
Lyndhurst, N. J. 


Please mention number 105 when filling out card 


Automatic Compressed-air Dryers 


New line of automatic compressed air 
dryers comprises nine standard models 
with capacities from 15 to 750 cfm. 





(STP) based on conditions of 100 lbs. 
pressure and 70°F. Operating pres- 
sures can be from 30 to 150 lbs. or 40° 
to 120°F. inlet temperatures and final 
exit dew points as low as — 60°F. Drying 
towers are all ASME. Models can be 
furnished for either electric or steam 
operation.—The Anders Co., 420 Lex- 
ington Ave., New York 17, N. Y. 


Please mention number 106 When filling out card 





Photographic Tape Recorder 


New photographic tape recorder, 
especially designed for recording a 
channel system of reflecting galvanom- 
eters can be supplied with any combina- 
tion of uniform paper speeds. Stock 




























paper spools holds 300 ft. of photo- 
graphic paper 12 in. wide. Outside di- 
mensions of case are 24 X 16 X 8 in. 
—W. F. Sprengnether Instrument Co., 
4567 Swan Ave., St. Louis 10, Mo. 


Please mention number 4Q7 when filling t care 


Temperature and Pressure 
Recorders 
New models of temperature and pres- 


sure recorders are available with 1, 2, 3 
or 4 pens and provide for easy field in- 
stallation of actuating system and pen 
mechanism. Temperature tube systems 
feature an all stainless steel, heli-arc 
welded construction with improved de- 
sign of spiral spring. Standard bulb de- 
sign is arranged so that it can be con- 
verted into any of usual apparatus con- 
nections.—Penn Industrial Instrument 
Corp., 8116 North 17th St., Philadelphia 
§Z, Pa. 


Please mention number 108 When filling out card 


Wire Fatigue Testing Machine 

New rotating-beam fatigue testing 
machine is said to provide data accu- 
rate within 1%, with greater speed than 
heretofore obtainable. Instrument per- 
mits applications of fatigue knowledge 
to (1) control charting of wire-draw- 





ing processes, (2) wire acceptance on 
basis of statistical analyses, (3) study- 
ing variations throughout wire lot, (4) 
research, (5) predicting wire life. 
Sample of predetermined length is 
looped through 180° so that bending 
stress (at peak of the loop) can be 
predicted, simply calculated and brought 
to as great a value as desired in order 
to hasten specimen failure. Instrument 
is adaptable to wire from 0.005” to 
0.030” in diameter. Instrument consists 
of motor-driven chuck (3600 rpm) and 
bushings to position end of sample not 
clamped in chuck. Bushing can be posi- 
tioned with vernier accuracy to 0.001”. 
Two supporting guides mounted on 
“Alnico” magnets hold specimen in 
horizontal plane, prevent vibration, and 
can be quickly positioned anywhere on 
steel apron of the instrument. Revolu- 
tions of synchronous motor are accu- 
rately counted by “Telechron” timer 
read in tenths of minute. Test is auto- 
matically terminated as specimen breaks 
and stops motor and timer. Instrument 
is 17’ X 181%6” K 5%6”.—Apparatus 
Div., Hunter Spring Co., Lansdale, Pa. 


Please mention number 199 when filling out card 


Resistance-thermometer 
Assemblies 


New fused-in-glass copper resistance 
thermometer assemblies are announced. 
Manufacturer states that copper is de 
sirable for several reasons: obtained in 
great purity and of uniform and repr« 
ducible quality; coefficient is high and 
remains constant between 0 and 200 C. 
Manufacturer claims to have succeeded 
in processing units in such a way that 
coefficient is reproducible. Therefore, 
new units are suitable for use as stand 
ards between 0 and 200 C. without cali- 
bration. Units are 3.5 in. long, 0.2 in. 
O.D. and are fitted with 2, 3, or 4 leads. 
Immersion length is 2.5 in. Units can 
be operated to 600 F. Characteristic 
time is 3.2 seconds for 63% change. 
Paul G. Weiller, 25 Broad St., Ne 
York 4, N. Y. 

Please mention number 110 when filling 


Thermocouple Assembly 


New thermocouple assembly, said to 
minimize replacement costs, is recom- 
mended for all heat-treating services 
including neutral salt baths but exclud 
ing sulphurous atmospheres (for which 
chrome-nickel protective tubes are re 


733 z3 


quired). Assembly includes No. 8 gage 
standard heat-resistant Chromel-Alumel 
element for use with any pyrometer. 
“Inconel” protecting tube (0.875-in. 
OD) fits thermoelements closely, in 
suring sensitivity and response. Easily- 
replaced thermocouples can be inspected 
without disconnecting leads. Ceramic 
connector body withstands high tem- 
peratures. —Arklay S. Richards Co., 
Inc., 52 Winchester St., Newton High- 
lands 61, Mass. 


Please mention number 111 when filling out card 


Tracer for Internal-surface 
Roughness Recorder 


New “Type GB Tracer,” for use with 
all “Profllometer Amplimeters” in tak- 
ing surface roughness measurements on 
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surfaces, provides for 
internal grooves and 
slots; tracing axially in small holes; 
tracing both transversely and longi- 
tudinally in narrow slots and grooves 
and on gear teeth; and tracing on inter- 
nal and external tapered surfaces, It 
is designed to be operated mechanically 
by maker’s “Pilotor” (see illustration). 

Physicists Research Co., 321 S. Main 
St., Ann Arbor, Mich, 


Please mention number 112 when filling out card 
«< 


Vibration Meter 
reads vibration 


hard-to-reach 
measuring on 


New vibration meter 
levels directly in rms, inches or rms. 
inches per second when used with 
maker’s velocity pick-up. Unit is self- 
contained, battery-operated, with in- 
ternal calibration requiring no external 


power connection, Integration of veloc- 
ity pick-up signal to provide displace- 
ment measurements directly is effected 
by throwing switch; no scale factor or 
conversion is required. Range from 
0.001 to 50 in. per second; 0.001 in. up 
for displacement. Weight, 14 lbs.—The 
Calidyne Co., 751 Main St., Winches- 
ter, Mass. 


Please mention number 113 when filling out card 


Vibration Recorder 

New model of “Vibrograph,” like 
original model (see March 1942 issue, 
pages 83-87, 94) embosses permanent 
record of vibrations on a transparent 
film. Frequency range 600 to 15,000 
cpm.; amplitude range 0.0001 in. to 
0.0625 in. Instrument incorporates seis- 
mic pendulum support whose natural 
frequency is lower than frequency of 
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vibration to be measured, thus tends to 
remain stationary in space of triangu- 
lar arm supported from vertical column 
by means of frictionless elastic hinges. 
Low natural frequency is attained by 
mounting “Vibrograph” relatively close 
to hinges and setting large mass in pan 
at free end of arm. “Vibrograph” in- 
cludes a prod adapted to contact struc- 
ture whose vibration is to be measured. 
—Barry Corp., Cambridge, Mass. and 
Westinghouse Electric Corp., Baltimore, 
Md. 


Please mention number 114 when filling out card 





Combination Watthour and 
Thermal Watt Demand Meter 


New “Type IHM-1” single-phase 
combination watthour and thermal! watt 
demand meter for industrial use is 


slightly larger than conventional watt- 
hour meter, can be installed wherever 
rate structures require determination 
of demand as well as energy, without 
increasing size of original installation. 
Watthour unit has “I-50” damping sys- 
tem and electromagnet (see May 1948 
issue, page 416). Thermal unit is adap- 
tation of “HI-1” thermal meter (see 
May 1946 issue, page 287) with “direct 
heat” operating principle. — Meter & 
Instrument Div., General Electric Co., 
40 Federal St., West Lynn 3, Mass. 


Please mention number 4 15 when filling out card 


Radio Remote-control Uni; 
New “Type EC-8-A” remote co 
unit meets new FCC rules and n 
it possible to install transmitters .y, 
receivers in good radio-coverage a eas 
where they can be controlled from 
venient dispatching points. Capab 
turning on plate power at transm 
or mute a particular combinatio: 
station receivers, “EC-8-A” em 
automatic level control preamplifie 
modulate transmitter and to main 
maximum allowable signal. Equi 
with push buttons, positive indicato; 
lights, and illuminated meters. 
separately controlled inputs to 
amplifier circuit include one for stat io; 
receiver monitoring, another for moni- 
toring auxiliary receivers. Unit is 20 in 
wide, 10 in. high, and 14 in. deep, and 
may be rack mounted.— Radio Commu. 
nications Section, General Electric (o 
Electronics Park, Syracuse, N. Y. 


Please mention number 116 When filling out card 





One-inch Electrical Instruments 


One one-inch electrical indicating in- 
struments have a 270-degree scale-arc, 
claimed to give a greater scale length 


than 3.5-inch conventional instruments. 
Accuracy is 2 percent. Instruments 
withstand vibrations and shocks; can 
be made watertight; are mounted by 
means of threaded ring which permits 
sealing to panel.—International Instru- 
ments, Inc., 331 East St., New Haven 
11, Conn. 


Please mention number 117 when filling out card 


Air-stream Probe Actuators 


be secured to 0.001 in. on traverse and 


New actuators are designed for re- 
mote positioning and indicating of 
probes used in air streams. System con- 
sists of actuator, electrical indicator 
and control box. It permits personnel 
to read and operate probe position from 
control room in safety. Motors require 
24 volts d.c. or a.c. Indicator operates 
on 110 volts a.c. Overall accuracy can 


0.10 deg. on angle. Actuators can be 
obtained in various sizes: 4 in. to 20 
in. traverse and 180 deg. to 360 deg. 
angular survey. One remote position in- 
dieator may be used with one to six 
actuators.—L. C. Smith and Co., Enter- 
prises, 115 Hartman St., Berea, Ohio. 
Please mention number 118 when filling out card 
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Aircraft Navigation System 

New “Omnimatic” aircraft naviga- 
sional system comprises VHF receiver, 
VHF transmitter, power supply, and 
“Qmniscope”—all weighing about 24 
bs, Said to be first such system prac- 
tical for privately-owned planes, it pro- 
vides instant, automatic bearing indi- 
cations When receiver is tuned to one 
of new “Omni-Range” stations now re- 
placing present low- and high-frequency 
radio ranges, Receiver features con- 
tinuous tuning through 108 to 127 Mc. 
hand. 3-in. oscilloscope is calibrated in 
idegrees azimuth. System is adaptable 
for instrument landings.—Lear, Inc., 
Grand Rapids, Mich. 


Please mention number 119 when filling out card 


Electric Motor-control System 


New “Type H1 Thy-mo-trol” drive 
(shown with cover removed) is avail- 
able from stock in ratings through 0.5 


hp.; utilizes a simplified half-wave cir- 
cuit to provide d-c. flexibility from a-c. 
power. Turn of knob at single control 
station provides stepless speed control 
on small lathes, pumps, etc.—-Control 
Div., aie Electric Co., Schnectady 
5, N. Y 


Please mention number 120 hen filling out card 


Vibration-measurement 
Equipment 

New “Model GA-1006” vibration 
measurement equipment was fully de- 
scribed in technical article “A New 
Method of Vibration Measurements for 
the Frequency Range 20 to 20,000 Cps.” 
in our November 1948 issue, pages 
1012-1014. New extremely-rugged accel- 
erometer unit gives a uniform electrical 
output for constant acceleration 
throughout range of 10 cycles to 20 ke. 
per second. Its output is linearly pro- 


Accelerometer 
Unit 
Mounti ng 
Unit 


Preamplifier 
Unit 


portional to mechanical vibrations cor- 
responding to accelerations ranging 
from less than 0.001 G to more than 100 
G. It responds only to vibrations ap- 
plied along its principal axis and can 
therefore be used to measure absolute 
vector components. New equipment can 
also be used as a wide-range sound 
pressure measuring instrument for con- 
ventional (low-level) measurements as 
well as for making blast-wave analyses 
of gunfire, explosions, etc.—Massa 
Labs., Inc., 3868 Carnegie Ave., Cleve- 
land 15, Ohio. 


Please mention number 121 when filling out card 


Abrasion Testing Set 


New “Model 100-109” abrasion test- 
ing set provides rotary abrading action 
on 4-in. specimen, alternately rubbing 
flat faces of two resilient “Calibrase”’ 
wheels over surface being tested. New 
features include improved _ suction 
pump with vertical dust receiver, ad- 
justable timer, switches providing any 
combination of operating conditions, 


such as with or without vacuum pick-up, 
continuous operation without timer or 
any timing up to 15 minutes. Three 
sets are offered, each complete with 
parts and supplies for various types of 
testing. — Dept. I, Taber Instrument 
Corp., 111 Goundry St., North Tona- 
wanda, N. Y. 
Please mention number 122 when filling out card 


Aircraft Accelerometers 


Two new aircraft instruments are 
said to make available “for the first 
time a means of indicating or recerd- 
ing excessive G-loads under all types of 
flight conditions.” (1) New “G-Warn- 
ing Indicator” (shown on the right) 
flashes a warning light when aircraft 
approaches design load limit. Light is 
designed to eliminate effects of direct 
sun glare; serves as an immediately 
perceptible visual warning at all times. 
(2) New “G-Max Indicator” (left) 
provides a record of maximum accelera- 
tion; can readily be reset to zero, al- 
though, if desired, setting device can 
be sealed to prevent tampering. “.. . 
For the first time a means of determin- 
ing the g-loads encountered during any 
period of operation.” Standard instru- 


794 
ment records in range of 3-7 G’s; 
special models for any desired range. 
Both instruments are panel mounted 
and occupy a space of one inch. Speed 
of response and degree of damping are 
such as to provide accurate indication 
of gust loads as well as G-loads during 
maneuvers. —F light Research Engi- 
neering Corp., Richmond 1, Virginia. 


Please mention number 433 when f it card 


Machine-tool Movement 
Micrometer 

New “Scan-a-scale” linear measur- 
ing device is said to provide superior 
method of controlling table and spindle 
movements on manufacturing or tool 
room machines. It is intended to be 
used in conjunction with standard ref- 
erence scale or it can be supplied with 
scale as a complete measuring unit for 
attachment at a manufacturing plant. 
Device consists essentially of micro- 
scope fitted with moving reticle screen 
Continued on page 48 
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CATALOG 7000, “Brown Pressure and Vacuum 
Gauges,” is complete and informative. A copy 
will be sent to you upon request. Write today! 
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PRECISE PRESSURE CONTROL 


These measuring elements are the heart of There’s a specific one for each application... 
Brown pressure control systems for better from microns to tons... from corrosive to 
processing ... because precision control starts non-corrosive! They make Brown Pressure 
with precise measurement! Gauges the finest available to industry. 
Complete coverage of pressure problems You'll find detailed information in Catalog 
necessitates this complete line of elements. 7000... send for it today. 























MINNEAPOLIS-HONEYWELL REGULATOR CO. 
BROWN INSTRUMENTS DIVISION 


4482 Wayne Ave., Philadelphia 44, Pa. 
Officesi n principal cities of the United Stotes, Canada and throughout the world 







FOR BETTER PROCESSING ee 
Honevwell 
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de 


controlled by graduated dial permitting 
table setting to within 0.0002”. System 
of lenses causes graduations of refer- 
ence scale to be clearly visible at nor- 
mal eye distance (approximately 12”). 
There is no need for operator to place 
his eye close to viewing glass. Illustra- 
tion shows “Scan-a-scale” mounted in 
conjunction with standard vernier type 
scale as fitted to tables and cross slides 
of many machine tools now in use.— 
F, T. Griswold Mfg. Co., Lancaster 
Ave., Wayne, Pa. 
Please mention number 124 when filling out card 


D-c. Power Supply 


New d-c. power supply with output 
voltage regulation better than 1 percent 
and ripple less than 0.01 percent is ad- 
justed by manufacturer for optimum 
regulation at any specified load from 
5 to 30 milliamperes and for any output 


27 


voltage from 0 to 100 volts, Regulation 
is thus obtained within 0.1 percent for 
input line voltages varying from 75 to 
135 volts a.c. at frequencies from 50 to 
400 cps. Unit pictured measures 4 X 5 
x 6 inches and weighs 6 lbs. Other units 
for output voltages above 100 volts 
d.c.; for operation from other current 
supplies; and with non-standard chassis 
construction, available on special order. 
—Hastings Instrument Co., Inc., P. O. 
Box 1275, Hampton, Va. 


Please mention number 125 When filling out card 


Beta- gamma Scaler 


New “Model K-280 Beta-g 
Scaler,” developed for precise m« 
ment of beta particles and gamm: 


may be used for research work, assay. 
ing of metals, and many other researe| 
or routine counting jobs. Among’ fea. 
tures: Highinbotham circuit, sca 
256, scale selector, autocount and aut 
time units. Resolving times, 5 micros 
onds or better.—IJnstrument Div., 1) 
B, Kelley-Koett Mfg. Co., Covingt 
Kentucky. 


Please mention number 1 26 when filling out « 


Chrome Plug Gages 


New “DuBo” plug gages with hard 
chrome plating on gaging surfaces ar 
claimed to outlast standard steel c\ 
drical plugs more than 8 times. |: 
contrast to cylindrical plug gages 
“DuBo’s” give their indication whe 
member is entered into bore with 
spherical gaging surfaces out of rang 
of bore walls and following entry gag 
ing surfaces are rocked into contact, o: 
potential contact, with inside of bor 
Available in standard accuracy classifi 
cations including as fine as XX. Weight 
is approx. 20 percent of that of cylin- 
drical plugs.—Standard Gage Co., Inc. 
Poughkeepsie, N. Y, 


Please mention number 127 when filling out card 


Automatic Titrating System 


New “Titronic’ System controls 
strength of caustic or acid bath auto- 
matically, is especially applicable to 
processes where there is relatively little 


tic or acid bath; handles sample fron 
bath on one side of pump and meters 
to that sample in direct ratio and exact 
proportion a fixed quantity of titrating 


RAW MATERIAL TREATED MATERIAL 


ALTERNATE AUTOMATIC PNEUMATIC CONTROL 
BY DIAPHRAGM OPERATED CONTROL VALVE “= 
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4 PH RECORDER 

CONNECTOR| [_ }*] & CONTROLLER 
ee rt 


SO-GAL. TITRATING STANDARD 


SOLUTION TANK 


change in conductivity, pH or other 
variable lending itself to a conventional 
control system. It utilizes duplex con- 
trolled-volume pump to automatically 
titrate sample continuously from caus- 


736 


medium; measures pH automatically 
and sets feed of caustic or acid to main- 
tain desired standard in bath.—Milton 
Roy Co., Philadelphia 18, Pa, 


Please mention number 12g when filling out card 
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Electrical Pressure Transmitter 


New “Microsen Pressure Transmitter” 
Enverts motion of tip of Bourdon tube 
to a directly proportional d-c. signal 
hich can be indicated or recorded with 
illiampere or millivolt instruments 
; ith yniformly-graduated scales. Power 


@ 

"bonsumption is 2 watts. Case construc- 
Mion permits servicing either pressure 
System or electrical system independent- 
Wy of each other. Ranges up to 50,000 
si. are available. Combined resistance 
f lead wire and indicator circuit may 
de up to 3000 ohms without affecting 
»erformance. Operating voltage is 115 
Wolts at 50-60 cycles. Normal voltage 
variations do not materially influence 
final readings.—Manning, Maxwell and 
Moore, Inc., 11 Elias Street, Bridgeport, 
Conn. 

Please mention number 129 when filling out card 


Instrument-shop Tools 


' New “Grip-Slide” tools aid in cutting 
“true finished threads, using standard 

American, British or Metric dies. Die or 
Map fits into sliding holder of tool which 
lis held in the hand so that lathe itself 
Mturns workpiece one way against cutting 
‘tool to cut thread, and in opposite direc- 
Htion to back off the tool. “Grip-Slide” 
‘guide bar, inserted in tail stock, holds 
isliding holder (and die or tap) accu- 
‘rately. Advantages of tools are they can 
ibe used by inexperienced help, they min- 
"imize breakage and also are applicable 
"for light or surface reaming, center 
Hdrilling, ete—Threadmiller Corp., 44 W. 
t44th St., New York 18, N. Y. 

Please mention number 130 When filling out card 


Magnetic Test Set 


New “Type 1760-A” test set for mag- 
netic materials in laminar form is for 
measurements of permeability and core 
loss at 60 cycles and at low levels such 
as in inductors and transformers used 

' in communication systems. Test sample 


} can be a single lamination or a few 
) duplicate strips in parallel. Minimum 
| Jength of sample 24”, maximum width 


%8". Measurements are made on a 





lenin, 


FOR A PERFECT RECORD 














. .. by the world’s largest manufacturer of recording galvanometers. 
The Century Recording Oscillograph Featuring 


@ The famous Century pencil-type galvanometers, 4 to 28 hermetically 


sealed elements — wide selection of natural frequencies to 5,000 
cycles per second — high factors of sensitivity and balance. 
Governor controlled paper drive motor adjustable 20% fixed 
speed — gear shift transmissions with automatic lamp intensity de- 
vice. 

ET ol-col le -mesoliil oLlutreli-vo Millie ME cold Meme lt aalelgel-ME (oli) Mill ket iile| 
sharply defined. .01 second lines with heavy .1 second lines. 
Daylight loading 200 ft. storage and takeup magazines — accom- 
modate 2” to 8” paper widths. 

Available with following optional features: 

Paper speeds to 50 inches per second — Automatic record length 
control — Automatic record numbering — Sweep scanning — Foot- 
age indicator — Trace _ identification — Remote control — 12-volt 
d.c., 24-volt d.c., or 110-volt a.c. operation. 


Write for Catalog No. 101—A, descriptive of this 
olale Mel iil-1miuirele(-1) Mens @lvelliloleigel sare 


Ce 
ANOTHER E(Z Z| PRODUCT 


MM 
TULSA, OKLAHOMA 


HOUSTON 
Niels-Esperson Building 


NEW YORK 
149 Broadway 
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To study TWO simultaneous 





characteristics of any device 


---use the 
DU MONT 
Type 279 


Lhua: 


@ Both the concomitant electrical 
and/or mechanical characteristics of 
a piece of equipment may be con- 
veniently examined and recorded 
with a Du Mont Type 279 Dual-beam 
Cathode-ray Oscillograph. 


For example: You can com . 
and vibration, velocity “nt accelera- 
tion, explosion time and rate of 
change of pressure, velocity and 
pressure changes on engine valves, 
and a multitude of other dual phe- 
nomena. you can examine a single 
phenomenon and an expanded, spe- 
cific portion of it, simultaneously. 


This oscillograph utilizes the dual- 
cathode-ray tube to generate and 
lay two entirely separate and 

i pendent electron beams, which 

serve as inertialess, visual indicators. 

The circuits associated with each gun 

are also distinct and separate. 
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CATHODE-RAY 
OSCILLOGRAPH 


Where the application involves long 
time-intervals, the Type 279 is 
equipped with a d-c amplifier that is 
also excellent as an end stage for pre- 
amplifiers, such as used with strain 
gauges. For permanent _ records, 
Du Mont Types 271-A and/or 314 
Oscillograph-record Cameras may be 
readily applied. 


So, if your interest is petroleum re- 
search, ballistics, shock absorbers, 
boiler tubes, control mechanisms, 
timing devices, or practically any ap- 
plication involving two variables, be 
sure to investigate this Du Mont 
instrument. 


@ Consult us about the application 
of Du Mont Oscillography to your 
particular mechanical problem. 
@ Literature on request. 


simplified method of 


Maxwell bridge of inductance 
of solenoid surrounding samp| 
al magnetizing force applied 
sample is adjustable from or 
oersted to six oersteds. A d-c. m 
ing force up to 2 oersteds car 
applied for incremental measu 
Permeability range is 25,000 f 
for a specimen cross-section of 
mm., for which dial reads dir + 
permeability—General Radio | 
Massachusetts Ave., Cambrid 
Mass. 


Please mention number 131 when filling 
Multi-purpose Electrical Te 
New “Multi-Tester Model 30’ ha: 
range select 
permitting all ranges to be selected 


means of one rotary switch. Accura 
8% d.c., 5% a.c., on all ranges. Sens 
tivity: 1000 ohms/volt. Self-contain 
4.5-volt battery. Twenty-one range 
comprise volts, amperes, milliamper 
megohms and decibels. Bench mode 
housed in Bakelite case with carryin 
handle. Portable model is housed in | 
ished oak case with compartment f 
tools and test leads. Alsa availab| 
Kit Form for students and experiment 
ers. Size: 5%” K 6%” X 2%”; Shi 
ping weight: 5 lbs.—Bradshaw Inst 
ments Co., 348 Livingston St., Broo 
7s X 


Please mention number 432 when filling out « 





Multi-purpose Electrical Tester 
New “Servishop Model 8573” ser 
instrument incorporates 50 ranges 
instruments with complete tube test: 
Maker claims it is first instrument the 


| will test acorn tubes, miniature tube: 


noval base tubes and sub-miniatu" 


tubes with the “Rollindex Roll Chart, 
| test batteries, measure a.c. and 
| volts, d.c. milliamperes and amperes 















1s and megohms, decibels and output 
its, test capacitators, generate AM 


















led 4 FM signals and incorporate an 
amy jio oscillator. More than 800 tube 
- Ma rng tings on roll chart. Germanium crys- 
can rectifier assures a-c. measurements 
‘SUI men, . from temperature and frequency 
D fuil-seg rs.—Radio City Products, Inc., 152 
a. 9 i 95th St., New York 1, N. Y. 
%y > , Please mention number 133 when filling out card 
rid ¢ 
is 
" Multi-purpose Electrical Tester 
New miniature tester indicates re- 
| Te Hetances from 0 to 2 megohms with 
“ste f 2 percent of linear scale; 
sae uracy 0 Pp ; 
30” has -yoltage from 0 to 300 (accuracy 2 
a ect reent); a-c. voltage (accuracy 5 per- 
elected 


mt). Tester has toggle switch for 





ccurac\ 
8. Sens ’ j ; ; 
ontaine . or d-c. testing; pair of jacks into 


hich test leads are inserted; rotary 


“Sime ritch for selecting voltage range. All 
mode] « eeadings are indicated on single two- 
earrvine eeale dial. Tester measures approx. 
d in po #25 by 3 by 1.5 in., weighs 12 oz., is 
1ent for Saupplied with two “Koiled Kord” test 
lable ;, igads terminating in pin plugs and clip 
sriment. eieads.—International Instruments, Inc., 


Inst 


rook! 


; 
”s Ship- : East St., New Haven 11, Conn. 
3 Please mention number 134 when filling out card 
kb 











“Multi-purpose Electrical Tester 


New “Series 654” tester supplements 


Tester Maker's “600” line of test equipment. 





Servic: is a combination of cathode conduct- 
iges mee tube tester, dynamic (under-load) 
teste attery tester and high sensitivity a-c. 
n = nd d-e. circuit tester (20,000 ohms-per- 
, ubes, 





niature 





olt d.c.). “Series 654” handles all mod- 
m tubes with full anti-obsolescence 
eatures, and circuit tests all AM and 
M units, as well as TV sets up to 
0,000 volts with addition of “Series 


Speedy ° fccurate 








RESISTANCE 
MEASUREMENTS 





LL 





«++ with the Rubicon 

PORTABLE KELVIN BRIDGE 
For work at very low resistance 
levels this instrument is the 
counterpart of the Wheatstone 
bridge shown above. 


e Range: 0.0001 to 10.1 ohms 

e Limit of error: 0.25% 

@ Built-in battery and high sen- 
sitivity “Pointerlite” galvanom- 
eter 

e Provision for external battery 
and galvanometer when re- 
quired 

@ Sturdy and convenient in op- 
eration 


. ++ with the Rubicon 
PORTABLE WHEATSTONE BRIDGE 


This convenient instrument combines 
instant portability with high accuracy 
and is widely used in laboratory, 
plant and field. Built for dependable 
service under hard usage. 


Wide range: 1 ohm to 10 megohms 


Built-in battery and galvanometer 


- 

@ Limit of error: 0.1% 
a 

e Provision for external battery and 
galvanometer when required 
Available with Murray and Varley 
loop circuits 


e Compact and rugged 





Wheatstone and Kelvin bridges in a variety of models, 
together with other resistance measuring instruments, 
are fully described in Bulletin 100 available on request. 


LiGHT GALVAN 
t period 
shor to 0.0006 BA per mm 
tical system 
rements 


spoT 
e Sturdy, 
e Sensitive (UP 
° Multiple-reflection aon © 
e For null or deflection me 


2 
Described in Bulletin 320 





OMETER 


OTHER RUBICON 
INSTRUMENTS 


Mueller 
Bridges ¢ Precision Potentiometers 


Resistance Standards « 


e Evelyn Photoelectric Colorimeter 
for chemical analysis « Automatic 
Recording Photometric Analyzers 
for NO and H.S * Magnetic Per- 
meameters * Magnetic Hardness 
Testers * Shorted-Turn Coil Testers 
* Other equipment involving pre- 
cise measurement of electrical 


quantities. 


3758 Ridge Ave. ®@ Philadelphia 





RUBICON COMPAN 


Electrical Instrument Makers 
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M & G Multi-Purpose 


PRESSURE GAGE 
TESTER 


@ Pressure ranges to 10,000 psi 
@ Portable or bench testing 
@ Dead weight attachments 


@ General instrument work. 


M&G 
DIAPHRAGM 


SEALS 


Stop Corrosion 
and Clogging 


Mount on any type pressure 
gage, switch, or instrument. 


@ Pipe Mounting VY to 1/2 con- 
nection— plain & cleanout 
type. 

@ Fiange type for any size pipe 
flange connection. 

@ Available in any machin- 
able metal or material. 


Write for Data Sheets 


MANSFIELD & GREEN 


Avenue CLEVELAND 14 O 


10S] Powe: 
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TV-2” super-high-voltage television test 
probe. It requires use of only 2 pin 
jacks for all standard ranges; incorpo- 
rates wide-angle, 45%”, 50 microam- 
meter, also 1% wirewound and film- 


| type resistors. All circuits are insulated 
| from power line for operational safety. 


—Precision Apparatus Co., Inc., 92-27 


| Horace Harding Blvd., Elmhurst, L. I., 


Please mention number 135 When filling out card 


High-power Vibrator 


New “Type 1501” vibrator utilizes 
maker’s specially developed alloy con- 
tacts. Prepared for use in conventional 
power supply, vibrator is applicable to 


| FM receivers, “push-to-talk” transmit- 


ters and where power in excess of 
capabilities of present standard vi- 
brators is required.—P. R. Mallory & 
Co., Inc., 3050 E. Washington St., In- 
dianapolis 6, Ind. 


Please mention number 136 When filiing out card 





Tape-drive Cabinet Dial 
for Scales 


New tape-drive cabinet dia] attach- 
ment for use with all types of over- 
head track and suspension scales in- 
corporates new tape-drive principle, a 
positive-drive mechanism, using high- 
strength, non-corrosive special alloy 


tapes to replace old style rack and 
pinion, This development eliminates in- 
accuracies caused by gear teeth wear, 
back-lash and friction. Tape-drive de- 
livers smooth, positive drive to pointer 
and requires only minimum mainte- 
nance. Adjustable, self-compensating 
hydraulic dash-pot with valve-type 
plunger control pointer action and pre- 
vent shocks from reaching mechanism. 
Up to four drop-weights can be quickly 
put in or taken out of weighing sys- 


| tem—Howe Scale Co., Rutland, Vt. 


Please mention number 437 when filling out card 





Fixed-composition Resistor 


New “Type BT” insulated fixed com- 
position resistor, available in four rat- 


| ings up to 2 watts, meets Army-Navy 
| requirements under JAN-R-11 specifi- 
| cations. For short periods, overloads 


of 50 to 100 percent may be applied 
without damage to resistor, and 5-sec- 


| ond overloads of 2.5 times rated load 
| result in only negligible resistance 
| changes. Frequency characteristics are 


excellent.—International Resistance Co.., 
401 N. Broad St., Philadelphia 8, Pa. 


Please mention number ] 38 when filling out card 


Camshaft Inspection Equip mer, 


New “Camshaft Precisionair 
tiple pneumatic gage permits a « 
and almost simultaneous ga, 


most critical dimensions and condit 
of an automobile camshaft: Six be, 
ing diameters, two lengths of camsha/: 
and concentricity of five bearings. Ry; 
out of oil pump drive gear is chee} 
by a separate gaging unit. In addit 
a Sclerescope is mounted in front 
front gaging station to determine ha 
ness while camshaft is in gaging po: 
tion.—The Sheffield Corp., Dayto, 
Ohio. 


Please mention number 139 when filling 


Metal-parts Analyzer and 
Classifier 


New “Model C Cyclograph”’ is por 
able, operates on core-loss principle { 
rapid and non-destructive metallurgica 
examination and sorting of metal par: 
Wide range of test frequencies (2 | 
to 200 ke.) makes possible a variety 


non-destructive tests: checking or sor' 
ing on basis of analysis, structure, hari 
ness, case depth, and in some case 
stress concentration. Also, in stres: 
measurement work, it can be employ: 
to trace internal stress changes, con 
pare stresses at different levels, or con 
pute stress in psi. A recorder output !: 
provided for this use of new inst! 
ment. “Model C” weighs 50 Ibs.; can | 
used anywhere within a plant; operate: 
on 115 volts, 40-60 cycles. Power co! 
sumption is 70 watts. Test coil may & 
placed up to 12 feet from instrument. 
J. W. Dice & Co., 191 River Ro 
Grand View-on-Hudson, N. Y. 


Please mention number 1 4() hen filling out ca 











nharre 
Sa < 


Rag 


ce) 


nine ha 


ging | 
Dayto, 


and 


IS port 


ciple f 


allurgica 
tal parts 
bs (2 | 


ariety 





788 


or sor 


e, har 


e cases 
stress 


nploy 
S, con 
or con 


Itput i: 


inst) 
can [ 


perates 


er Col 
may be 
nent. 


Roi 





Impedance-phase Angle Meter 


New “Type 311-A R-F Z-Angle Me- 
Bor” provides direct reading of imped- 
nee and phase angle at radio frequen- 


*cies. Applicable for measurements, at 
Savdio frequencies, of broadcast anten- 
‘nas and transmission lines, and general 
Sjaboratory measurements.—Technology 
instrument Corp., 1058 Main St., Wal- 
Dtham 54, Mass. 


Please mention number 141 When filling out card 








Multi-purpose Photometric 
{ Analytical Instrument 


» New “Nefluoro-Photometer” for neph- 
felometric, fluorometric and colori- 
| metric analyses is line-operated instru- 
'yment designed to measure quantita- 
itively, light transmitted (or absorbed), 
light reflected, or light emitted by sam- 





697A 


= ple in solution or suspension. In addi- 
» tion to large number of analyses which 
Scan be made colorimetrically, instru- 
+ ment also determines nephelometrically, 
S such as ammonia. arsenic, calcium, 
| chlorides, silver, phosphorus, sulphur, 
acetone, amylase, nucleic acids, pro- 
) teins, fats, oils and fatty acids. Fluoro- 
metric determinations include vitamins 
B; and Bo. “Nefluoro-Photometer’” is 
“null” (zero balancing) instrument with 
built-in galvanometer. Three light 
» sources — incandescent, mercury and 
sodium—operate on 115 volt 50-60 cycle 





fas 2a RRS ears 


ac. Ineandescent light source emits 
» light in visible range—from about 400 
to 750 millimicrons. Mercury arc source 
) affords ultraviolet light for fiuoro- 

metric work. Sodium light source has 
: principal emission at 340 and 590 milli- 
microns, Three filters are specific for 
types of analyses possible with new in- 
strument. Reading dial has log scale 
ior samples that follow Beer’s Law and 
percentage scale calibrated in 100 divi- 





core 





Would 


INSTANTANEOUS 


recording of electrical phenomena from 
D.C. to 100 c.p.s. help in your research? 


It's a fact — permanent, instantaneous 
ink-on-paper recordings by Brush Oscillographs 


make their use almost unlimited! 





Accurate recordings of voltages, pressures, 

radiation intensity and countless other phenomena can 
be made over a frequency range of D.C. to 100 c.p.s. 
Either A.C. or D.C. signals can be measured. 

Whenever desired, recordings may be stopped for 


notations on chart-paper. 


Investigate Brush measuring devices 
before you buy .. . they offer 
more for your money 

Why not have a Brush repre- 
sentative call? At no obligation, 


of course. 





Just call or write — today — you'll find it worth a few 


seconds’ time ! 





THE 3405 Perkins Avenue « Cleveland 14, Ohio, U.S.A. 
MAGNETIC RECORDING DIV. « ACOUSTIC PRODUCTS DIV. 


DEVELOPMENT Co. ‘'NDUSTRIAL INSTRUMENTS DIV. © CRYSTAL DIVISION 
Canadian Representative: A.C. Wickman, (Canada) Ltd., P.O. Box 9, Station N, Toronto 14 
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THERMOCOUPLE 
INSULATORS 


This 


Insulator 


Gordon Thermocouple 


ilclelicte Masts Malelatslale, 
eLitiale te MiitickdelleM deli -tamdel iit 


out just as good as new 


Available only through GORDON, 
Serv-rite Thermocouple Insulators 
are made to stand the gaff of ex- 
cessive thermal shock far above 
normal requirements. 

For sturdy and reliable thermo- 
couple insulator performance to 
meet peak production needs — 
Specify Serv-rite...a Gordon devel- 
opment backed by 32 years' ex- 
perience in supplying industry with 
insulators that last longer and 
give better results. 





Mi ele)-i le) k 
>? SERVICE<>: 


Serv-rite Thermocouple In- 
sulators—in any type or size— 
can be supplied immediately from 
Gordon's large stocks in the Chi- 
cago and Cleveland Plants. Re- 
member—you can always distin- 
guish Serv-rite Insulators by their 
tan color. 
Fish Spine Beads 
Asbestos Tubing Single Hole 
Double Hole Round Double Hole Oval 


CLAUD S. GORDON CO. 
Specialists for 32 Years in the Heat Treating 
and Temperature Control Field 


© 3000 South Wallace St., Chicago 16, lll. 
® 7016 Euclid Avenue ¢ Cleveland 3, Ohie 


Asbestos String 


Dept. 21 
Dept. 21 
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sions between 0 and 100%. Dial control- 
knob varies built-in polaroid unit, re- 
ducing intensity of illumination. Opti- 
cal cell compartment accommodates dif- 
ferent types of cells necessary for 
various analyses, and to shut out all 
external light.—Fisher Scientific Co., 
717 Forbes St., Pittsburgh 19, Pa. 


Please mention number 142 when filling out card 


Biological Assay Instrument 


New assay scanner equipment is for 
measuring potency of antibiotic (e.g. 


penicillin) by photoelectric means. Po- 
tency of antibiotic is proportional to 
diameter of area inhibited by antibiotic 
in a germ culture. 


This diameter is 





measured by recording elapsed time be- 
tween selected interruptions of a light 
beam scanning inhibited area under 
study, while area is moving at constant 
known speed. Measurement is indicated 
directly in mm. Measurements accurate 
to 0.1 mm. are made and indicated at 
rate of 30 per minute. Equipment is 
suitable for high-speed production meas- 
urements. Developed jointly by G. C. 
Wilson & Co., Chatham, N. J.; Engi- 
neering Div. of Bristol-Myers Co., Hill- 
side, N. J.; and Control Dept. of Bristol 
Laboratories, Syracuse, N. Y. 
Please mention number 143 when filling out card 





Molecular Still 


New molecular still for semi-micro 
analyses handles several samples simul- 
taneously. Operating under high vac- 





uum, new still separates heat-sensitive 
substances of high molecular weight. 
Samples are loaded into each still unit 
which are then immersed in oil bath 
held at distilling temperature by elec- 








trical heaters. Distillate collects . 
denser, which is removed to 
fraction after each distillation. Sa 
may range from a few milligran 
gram in each still unit.—Dist; 
Products, Inc., 755 Ridge Road. 
Rochester 13, N. Y. 


Please mention number 144 when filling o 





Biological Assay Equipment 
New “Bioca” bio-colony assay 
designed to determine and 


strength of antibiotic culture dilt 
through measurement of their g 





inhibiting activity. In operation, pet: 
dish in scanner head rotates for t 
seconds while zones are being measured 
“Bioca” is composed of four units i: 
terconnected with cables: scanner a: 
optic system; computer rack; pow 








supply rack; recorder. Computer a1 

power supply racks contain several sul 
assemblies, each mounted on a separat 
removable chassis. “Bioca’”’ can be ope! 
ated by one unskilled person; the onl) 
manual operation is placing petri dishes 
in scanner head and depressing start 
switch; scanning, computation and r 
cording operations are automatic and 
continuous. Accuracy of readings is i! 
the order of 0.1 mm., and 240 dishes ca 

be processed each hour.—Airlectron F) 
gineering Co., P. O. Box 151, Caldwell 
N. J. 


Please mention number 145 when filling out car 


Oil Burner Adjusting Kit 
New adjusting kit for oil burning 
space heaters, water heaters and cook 
ing ranges with pot-type burners i! 


a ee 
ae 








sistant. 



















8 Bcjudes (1) “Draftrite” draft gage, 


0 obte used to check up-draft in flue and adjust 
Sano. Ba draft regulator; (2) New type cross 
ams +, Tiest level; (3) Oil flow gage with well 
stil) of clear plastic wedge-shaped and scale 
me Wress on flat surface, readable accurately in 


0.25 ec. in the lower range, and meas- | 
ures up to 100 cc. (4) Two oil-collect- | 
ing beakers for catching oil during oil 

| fow test. (5) Mercury thermometer- 

) range 0-220 F.—Bacharach Industrial 

| > Instrument Co., 7000 Bennett St., Pitts- 
Sa) | burgh 8, Pa. 


Please mention number 4 46 when filling out card 
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Indoor-outdoor Thermometer 


New model of “Duo-Temp” mechani- 
cal dial type indoor-outdoor thermom- 
eter has case of smoothly contoured 


inttiat fecincnicias seeccemy 
























THe sTORY OF THE 
RAILROAD AND ITS MRC-15.-- 


i , this railroad had appro 
oh ee aa a bridge suspected ¢ 
withstand the we bet 
igh- trains. Wel 
~—e aoa brational stresses Pre- 


U' ’ 
could be nna problem. 


St oe 


RE i AS RNS IR Rill i 


















: oved 
— Scleaellty MRC-15 equipmen’ si 
bridge did not need replacing: ©” 
1, pet that the ints shown to be wea 
for t it was strengthened at — id for the testing 
asured and the resulting soving pat 
its ir er. 
: ny times OV . trol 
7 and SS At “ mMRC—15 Strain wi4 Huet > 
owe 
ry today’s standard ipaecprnen® cin prob- 
: cnalysis— will answer pong system, 
- ; : lated po 
| molded plastic and gold characters lems. It provides vie and amplifies the output 
which stand out on dial in sharp con- calibrates the record, changable ampli- 
trast to deep dubonnet background. es at once. Inter 00 cps 
| Outdoor scale reads from 30° to from 12 aoe ate response from 0 to 15 P 
wR | +110°F., indoor scale from +50° to fiers give accur 
_ +90°F'.—Jas. P. Marsh Corp., Dept. and 3 to 6000 cps. 
) 125-R, Skokie, Ill, oe 
r and 4 : Please mention number 147 When filling out card 
i] sul ; ae Chins ee oe 
a ’ Transformer Turn Ratio Test Set The poueryey 
Pr. 1 
> only New Transformer Turn Ratio Test psi oe 
dishes JB) Set is designed for use on all types and Strain Gog 
start ' sizes of power, distribution and auto- Control Unit 
id re ; transformers; is direct-reading; also 
c and § gives an immediate indication of polar- 
is it } ity. It consists of a multi-ratio refer- 
S ca > ence transformer which is excited—by 
n En | means of a small hand generator—in 
lwe parallel with transformer under test. 


By means of four dial switches and a 






WRITE FOR TECHNICAL BULLETIN SP-195 § 





ML 










INSTRUMENT COMPANY 


1315 SO. CLARKSON STREET * DENVER 10, COLORADO 
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PHILADELPHIA 
THERMOMETERS 


FOR 


IF YOU DO NOT HAVE OUR CATALOG 
SEND NOW FOR THIS COMPLETE 
INFORMATION 


Established for nearly a half cen- 
tury—specializing in manufactur- 
ing of the highest possible grade 
of indicating and controlling in- 
struments for Industry and Lab- 
oratory Processes. 








REPAIRS 


We maintain a complete depart- 
ment for repair and recondition- 
ing all makes of thermometers. 
After reconditioning, instruments 
carry the same guarantee as the 
original new equipment. 


THE 


PHILADELPHIA 
THERMOMETER (CO. 


6TH & CAYUGA STREETS 
PHILADELPHIA 40, PA. 
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|null balance indicator, reference trans- 
former is adjusted in ratio to equal 
that of transformer under test. The 
| ratio is then read directly from the dial 
| switch indexes. Ratios up to 130 can be 
| measured with 0.1% accuracy. Set op- 
|erates without burden, at low-voltage 
|excitation and by null balance, and 
| therefore gives a precise measurement 
|of no-load voltage ratio. It is supplied 
| complete with testing leads and weighs 
|about 31 Ibs. It is intended for use in 
|shop and field—James G. Biddle Co., 
1316 Arch St., Philadelphia 7, Pa. 


Please mention number 148 when filling out card 


Ultra High-frequency Tube 
New “Type TT-1” ultra high-fre- 


quency diode tube used to measure 
sensitivity of radar and television re- 


ceivers and distance over which they 
can be seen and heard, is only 3” long 
and *%” in diameter. It supplies elec- 
trical noise for determining receiver 
sensitivity. Tube generates all fre- 
quencies at the same time and has 
upper limit of 3,000 million cycles.— 
Eclipse-Pioneer Div., Bendix Aviation 
Corp., Teterboro, N. J. 


Please mention number 14069 when filling out card 
149 





Hydrostatic Impulse Gage 


New mechanical self-registering gage | 
may be lowered into a well or connected | 
to a pressure chamber to measure di- | 
rectly total impulse per unit area gen- | 
erated by pressure waves resulting | 
from underground explosions or other | 
high-pressure sources. Operation: hy- | 
drostatic impulse forces mercury | 


through a capillary passage and into a 


For DELICATE 
Soldering Jobs.,., 


5 SECOND 
<+— HEATING- 


NO waiting 
FLEXITIP— : 
easily formed. 
LONG REACH 


SOLDERLITE— ~ 
spotlights 


the work 

BUILT-IN 0 a 
TRANS- 

FORMER 
DUAL HEAT— yal 


Single heat 100 
watts, dual heat 
100/135 watts; 
115 volts, 60 
cycles 


For light, delicate operations, where 
precision heat-control is essential— 
rely on your 4" Weller Soldering 
Gun. Pliable FLEXITIP slips easily into 
“ticklish” spots. Aufomatic heat—on 
in 5 seconds, off when you release 
trigger—speeds soldering, prevents 
burning, and enables you to adjust 
tip temperature to suit job. Perfect 
balance and handy pistol grip give 
comfort and control. 

For faster, safer instrument solder- 
ing, order Weller Gun type S-107 
single heat or D-207 dual heat from 
your dealer—or write for catalog 
direct. 


Be Sure To Get Your | 
Copy— SOLDERING l 
TIPS, the new Weller 
Handy Guidetoeasier, | 
faster soldering — 20 l 
pages fully illustrated. 
Price 10c at your dis- | 
tributor’s or order | 
me direct. 


il in an an ens en om 


ae 


800 Packer Street « Easton, Pa. 











jjector; weight of mercury discharge 
proportional to impulse per unit area 
sj.-sec., from 10 to 400 psi. Gage is 
\f-contained and of simple construc- 
Mon, for convenience in field use. Its 
} plications include geophysics, inter- 
%,| combustion studies, blast damage 
Metermination, water hammer research, 
; Engineering Research Associates, 
' ‘ St. Paul 4, Minn. 





7 F : 








pc. 


ool j Please mention number 1 5Q when filling out card 
aot —_—___—_—_——— 

ve-rate Flowmeter 
— Purge-ra | 
™ New “Bubbler type” purge service | 
m5 “yg owmeter measures gas or liquid purge} 













tes in cubic feet per hour of air or} 
Jallons per hour of water; is adaptation | 
maker’s “Flowrator” that includes | 


iIt-in needle valve for close control of | 
| 








urge rates. It covers range of meas- | 
“hrement generally accepted as standard | 


f Pyrex or stainless steel ball-shaped 
oat, precision-bore “Pyrex” metering | 
ube and die-cast body which houses | 
eedle-type control valve.—Fischer «| 





-— Porter Co., Hatboro, Pa. 

eg ; Please mention number 151 when filling out card 

f into 

ease 

ents [  Electro-mechanical Counter 

djust | New “No. 1200” electro-mechanical 

rfect tounter can be stacked to six digits and 

give —— reliable carryover at an operat- 
“ing speed of 1200 cpm. Numerals are 

“a /).438 in. high. Control relays permit , 

107 these additional functions: electrical 

he ‘reset to zero in half a second; alarm at 


tend count; electrical read-out; inde- 
olog Mendent input to any digit cell; sub- 
‘totaling; self-testing. Fields of appli- 
cation include computers, flight control | 





7 it he Tan ne nici aie a 


i il hs aha eS, Si 





j 
PANY . 4 Ye | 


Pa. 606 | 





or bubbler installations. Unit consists | 










STRUTHERS-DUNN 
























It pays to use 
relays that are 
SPECIFICALLY 
TAILORED to 
your application 





















A HANDY GUIDE 
TO small RELAYS 


This bulletin makes it easy for you to 
select small industrial control relays 
with the exact contact arrangement, 
mounting details and construction re- 
quired for each application. In concise, 
easily understood form, it contains com- 
plete information on standard Struthers- 
Dunn Midgets and includes many avail- 


, ” 
NEW! a MIDGET WITH able adaptations to fit these to specific 


operating conditions. Ask for Data Sec- 


15 AMP. CONTACTS tion 2100. 


Type 1HXX36: Only 1%" x 
2%" x 2” high. Underwriters’ 


approved. SP, DB, ST nor-  STRUTHERS-DUNN, INC. 


mally-open %”" silver contacts 


rated 15 amps. at 115V. AC. 150 N. 13th St., Philadelphia 7, Pa. 





These District Engineering Offices To Serve You 
ATLANTA + BALTIMORE - BOSTON - BUFFALO - CHARLOTTE - CHICAGO - CINCINNATI « 
CLEVELAND + DALLAS + DENVER + DETROIT - INDIANAPOLIS - KANSAS CITY - LOS ANGELES 
MINNEAPOLIS - MONTREAL - NEW ORLEANS + NEW YORK « PHILADELPHIA - PITTSBURGH - 
ST. LOUIS - SAN FRANCISCO + SEATTLE » SYRACUSE -« TORONTO 
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RELAYS aad TIME SWITCHES 





of Diamon 


Automatic VALUE MEG. CO. 


58 STATE STREET - 





The Accurate Way to 





Measure Extreme 


Temperatures at a glance 


The Simplified PYRO 


Optical Pyrometer 


SELF-CONTAINED. No 
correction charts, no ac- 
cessories, no up-keep. 
Direct-reading. 


ACCURATE. Permits 
close and rapid temp. de- 
termination — even on 
minuie spots, fast-moving 
objects, smallest streams. 
(“Special Foundry Type"’ 
and “Triple Range’’ also 
have RED Correction Scale 
for determining true spout 
and pouring temps. of 
molten iron, steel in the 
open.) 


LIGHT IN WEIGHT — 
Only 3 Ibs. complete. 
Handy. 

PROVED IN USE—Foun- 
drymen all swear by it. 





Stock Ranges 1400°F. 
to 7500°F 


Write for FREE Catalog No. 80—also catalogs 
on other PYRO Pyrometers 
THE PYROMETER INSTRUMENT CO. 
Plant and Lab. 
BERGENFIELD 4, NEW JERSEY 
In Canada, Sales and Repair Laboratory: 
Dominion Flow Meter Company Limited 
Toronto and Montreal 
nS EE RR ASAI 
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ie 


Ruggedly constructed to exacting 
specifications that are carefully en- 
gineered to provide ample safety fac- 
tor . . . quality all the way through! 
Automatic’s relays are not built to 
a price but to an unexcelled standard 
of performance. That’s why they are 
the choice of so many “big name”’ 
manufacturers. 
We engineer and build a wide vari- 
ety of stock model relays for practi- 
cally all applications. A staff of com- 
petent engineers will design and build 
relays to fit your requirements. 
Stock models or custom built, ev- 
ery relay we manufacture will deliver 
the same dependable performance 
that has made the “Diamond Seal” 
line the choice of those who measure 
quality by performance. 


@ TIME SWITCHES — Equipped with 
Synchronous Self-Starting Motors 
and Silver Contacts. 


For any load, for every installation, 
look to Automatic for the finest in 
Time Switches and Interval Timers. 


WRITE FOR CATALOG 
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MANKATO, MINN. 


—MICO— 


2 & 3-DIMENSIONAL 
| 


ENGRAVER 





Permits accurate reproduction of 
three-dimensional master on any of 
four reduction ratios. 


Catalogue on request 


_ MICO INSTRUMENT CO. 


86A TROWBRIDGE STREET 
CAMBRIDGE, MASS. 


















boards, production control.—/ 
ing Research Associates, Inc., 
4, Minnesota, 


Please mention number 152 When fillins 
Spring-driven Stepping S§ \ jt, 
New high-speed spring-driv 

ping switch may have from or 
bank levels, each comprising 
tacts. A pair of double-ende 
springs is stepped over each ba: 
which occupies 180 degrees; on 
wipers is therefore always free 9 
contacts; other end always in «nga 
ment. As one end leaves 26th 
other end is approaching first cont, 
By stepping through 180 degrees, ¢ 
end of wipers steps successiv: 


all contacts. Stepping magnet may 
controlled or wipers may be caused 
step automatically by interrupting mz: 
net circuit. Switch may be allowed : 
stay put at completion of operatiy; 
cycle or it may be homed, or returned: 
normal, In many details, it is like moi 
descriped in Sept. 1946 issue, pages 
534. It is for d-c. only. Remote cont 
operation 30 steps per second ma: 
self-controlled operation averages | 
steps per second with 48-volt p 
supply. Weight approx. 27 oz.; leng: 
6.562 in.—C. P. Clare & Co., 
Sunnyside Ave., Jefferson Sta. Chic: 
Til. 


Please mention number 153 When filling o 


Packless Valves 


New “type R” valves are 90 deg 
packless, of bellows type, designed ! 
minimum flow resistance in high-va 
uum service. %” unit shown has p 
sion for solder connections. Pipe th 
connections are also avilable. Sup) 





pe le 


in sizes up to 3 inches. Low resistan 
is achieved by large lift of valve dis: 
multiple thread on stem reduces nun 
ber of turns required for full openins 
Bellows and disk assembly are remov- 





idec 
& ont: 
Mand 
pe 8! 
“Whe 
Rwit 
Sppeer 
3 self- 
%pnd 


m.c. 
pnd 
Mut 
aA ve. 
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7. For use in vacuum stills, vacuum 
Hating, electron tube evacuation, test 
Manifolds, ion and electron accelerators, 
. Also suitable for low-pressure sys- 
‘. where tightness is important.— 
Electronic Engineering Co., 














4 
riv I e mention number 454 when filling out card 

on ; : = 

# Sf} Automatic Stepping Switch 
ban « |; i New “Type 45” 25-point automatic 
one end, etary stepping switch is adaptable to 
ee « f ba Miectrical control requirements calling 
IN engap » remote selection of circuits by 
th conta: Mmpeans of either external pulsing or 


if-pulsing control. Switch can be pro- 





ided with any number of 25-point bank 











t may ontact levels up to maximum of 15, 
Caused | nd single ended contact brushes can 
ting may: he supplied to provide up to 50 outlets. 
lowed 1 [When equipped with 10 contact brushes, 
operatin: Bewitch can be adjusted to operate at 
turned: speeds up to 70 steps per second when 
ike mode [i self-pulsed, or up to 35 steps per sec- 
ages ‘ nd with external pulsing, on 46 volts 
ontro'« Pic, Stopping teeth replace pawl stop 
id max; [and armature stop of older designs.— 
‘ages () B@4utomatic Electric Co., 332 S. Michigan 
t pow: BMAve., Chicago 4, Til. 
» length & Please mention number 155 when filling out card 
0., 4 
Chic iE) OKs 
Pressure Pick-ups for Aircraft 
and Missiles 
New “Teledyne Pressure Transmit- 

“ters” convert gage pressures to d-c. 

ine *bridge unbalance signals strong enough 





igh 
§ pl 
» th 
Up] 
) ‘proving ring”) acted upon by a fric- | 
_ = tionless piston-and-diaphragm arrange- | 
disk: en ent = Four 300-ohm strain-gage ele- 
~— | ments in a Wheatstone bridge circuit | 
enine Mee bonded to ring: two on inner sur- | 
face (compression) and two on outer 


emov- ‘ S 


‘face (tension). Units are approx. 3” 





Mor direct operation of recording gal- | 





Sh 5 ee 





THERE’S A HAYDON MOTOR 
FOR EVERY TIMING NEED 


There’s a Haydon timing motor to meet your most 
exacting requirements — either standard in the Haydon 


line or engineered to your specifications. 


SERIES 1600 


A compact, versatile motor for general 
use. 19 standard speeds from 1 revolu- 
tion per 4 hours to 60 revolutions per 
minute, Available from 1/10 to 15 rpm 
with magnetic internal shift for reset 
timing applications. Also available with 
1- or 2-way frictions for manual setting 
and magnetic brake for quick stop. 


SERIES 3100 


Slow speed with heavy duty gear train 
rated 15 pound-inches. Standard speeds: 
1, 12 and 24 hours and 7 and 14 days 
per revolution. Many special speeds 
available. Frictions for manual setting, 
anti-backlash and brake features for ex- 
treme accuracy are optional. 


SERIES 4400 


A new, slow-speed motor specifically 
designed for applications requiring de- 
pendability and low cost. Gear train 
rated 20 ounce-inches. Standard speeds: 
12 and 24 hours and 7 days per revolu- 
tion. Other speeds from 1 1/2 to 1,000 
hours per revolution available in 4100 
Series. 


ALL HAYDON TIMING MOTORS FEATURE: Small size * 
Mounting in any position * Slow rotor speed 
(450 rpm) * Sealed reservoir for motor lubri- 
cation * Completely enclosed construction ° 


Capillary lubrication of gear train 


FOR FULL DETAILS AND A COPY OF THE 
HAYDON DESIGN AND ENGINEERING 
CATALOG WRITE 2013 ELM STREET TODAY 


MANUFACTURING 


COMPANY, 








INC. 


TORRINGTON Ay. CONNECTICUT 


YOUR PRODUCTS 


HARNESS TIME TO 


SUBSIDIARY OF GENERAL TIME INSTRUMENTS 


CORPORATION 
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BOX A-51248 


BROOKS ROTAMETER CoO. 





SOLVED! 


THERMOCOUPLE 
PROBLEMS 


Users of our products know that we can 
supply ALL types of thermocouple equip- 
ment to meet ALL regular and special 


temperature measuring applications. 











Are you acquainted with ALL our prod- 
ucts? We'll gladly send you, upon re- 
quest, our 34 page catalog, Reference F, 
describing: 


The INDUCTRONIC remote 


recording-controlling Rotameter 


The Inductronic remote - reading 
rotameter is based on the electrical 
induction bridge principle, but with 
one very significant difference—the 
unbalance in the bridge circuit is 
amplified electronically. With the 
power thus obtained, the record- 
ing and controlling movements are 
operated with servo motor drive, 
which gives great speed and accu- 
racy. Also, a built-in automatic 
voltage regulator prevents line 
surges from affecting the operation 
or accuracy of the instrument. The 
“Inductronic” is obtainable as a 
remote recorder or recorder-total- 
lizer or recorder-controller. For full 
details, write for Bulletin No. 2. 


LANSDALE, PA. 


A REALLY USEFUL 
SERVICE INSTRUMENT! 


4. METERSIN ] 


NEW MODEL B-6 
MEGOHMER 




























THERMOCOUPLES 
2 


QUICK COUPLING 
CONNECTORS 


CONNECTOR 
PANEL BOARDS 


PROTECTION TUBES 
° 


EXTENSION 
LEAD WIRES 


primo ELECTRIC CO. 




















FAIR LAWN.N.J. 
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O insulation Tester, 0.200 megohms, 
500 volts DC test potential. With exclusive 
triple-color grading scale. 


© Ohmmeter, 0-2000 ohms. 
© AC Voltmeter, 0-150/600 volts. 
© DC Voltmeter, 0-150/300 volts. 
Full details in Bulletin 441 
O. 


R 


HERMAN H. STICHT C 


NEW 


INC. 


diam. by 3%” long; weight a 
lbs. Seven units are announce 
lbs./in.* to 0-5000 Ibs./in.2. 7 
ture coefficient less than 0.04% 
F.; operating temperature ran; 
to 170°F. Applications: aire) 
missiles.—Frederick Flader, ] 
Division St., North Tonawanda 


Please mention number 156 when filling 


Fluxmeter 


New “Model 327” Smith magnet 
meter measures a-c., d-c. and 
magnetic flux densities. It uses gp 
probe for measuring fields approac} 
point area and also thin enough | 
readily inserted in air gap of avera 















716 


electrical machine. Probes can be su 
| plied in special thicknesses. To operat 
select desired range, set zero on gaus: 
ometer and balance milliammeter, pla 
| probe tips in magnetic field and rea 
gaussometer at maximum, apply gauss 
|ometer reading to curve of correspor 


| ing range current, find flux reading a 


left of curve in kilogauss. Probe co: 
tains copper-constantan thermocoup| 
Standard range 0 to 26,000 gauss. Sp 
j cial ranges available. Calibrated accu 
racy, 1 percent. Connections provid 
| for oscillographic studies of flux.—A 
| sociated Research, Inc., 231 S. Gre 
| St., Chicago, Til. 


Please mention number 157 when filling out « 





Oscillograph Tube 


New “RCA-10KP7” oscillograph tub: 


10-inc 
tube 


for radar indicator service is 
directly-viewed cathode-ray 


magnetic-deflection and magnetic-focu: 


| type. Also useful in general oscill 
|graphic applications where temporat' 







695 


| record of electrical phenomena is de 
| sired. Long-persistence, cascade (two 
‘layer) screen exhibits greenish-yellow 
phosphorescence which persists for sev- 


| 


| eral minutes under conditions of adé 


quate excitation and low ambient light 
Electron gun provides high effectiv' 
resolution even when tube is operate¢ 
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SAMS magn pen rect mi aR 5 AEE EIEN NE OS 


a) on iliwith high beam current. Face plate is Seven new planes completed 


ice 3. |most flat.—Tube Dept., R 





T: mpe», fief America, Harrison, Ned. 
Te U ep 4 Please mention number 15g when filling out card eee at aq cost of $4.30! 
ans r 5 
rere ft ayia a be 
I 
da lon Chamber Charger-reader 


Ffor use in conjunction with pocket type 
jonization chambers, will charge cham- 
‘her to known voltage, and will measure | 
) residual chamber charge after exposure 


_ 
ne i New “Model 2050” charger-reader, 







“ to radiation. This 110-volt a-c. operated 
( 

ISeS 5 

proac 

ugh t 

f ave 









Devions 





New planes can’t fly without control cable, and this manufacturer needed some 
—fast. He got it the same way he regularly gets many supplies and parts—by 
Air Express. Ordered in A.M., delivered to plant same day. 500 miles, 28 lbs., 
Air Express charge only $4.30. So production continued without a break. 





voltmeter and electrometer will charge 
"and read maker’s “Model 3340” dia- 
)} phragm-type pocket meter, and by ro- 
" tation of selector switch, non-diaphragm 
type pocket ion chamber can also be 
checked. All “charge” and “read” ob- 





5 
# 


be su 











oe ; servations are made on a 3-inch instru- 
er, place i ment with linear scales. Accuracy is 
nd rea) an 2) Percent of full scale. Regulating cir- 
y gauss. i cuits allow stable operation with power | 
respond )) variation from 95 to 130 volts. Steel | 
nding af pose x a 10.5 in., weg oem wisiiieatides ' 
yp or storing up to seven pocket ion cham- i wea 
then bers.—Nuclear Instrument and Chemi- _— }~- ~~ asl ‘ 
a eal Corp., 223 W. Erie St., Chicago 10, 7 _ ; 
1d accu. Il. _ ay aaa ania z ; 
rovided eee ention Bumber 159 when filling out card $4.30 included pick-upand delivery at Shipments go on all flights of Scheduled 
iX.—As ‘ no extra charge—and receipt for ship- Airlines. Speeds up to 5 miles a min- 
Green & ment. All this, plus the world’s fastest ute—no waiting around. Direct ser- 
' Coaxial Connector shipping service. That’s Air Express— vice to over 1,000 airport cities, air- 
it cal . See MP yne 874” coaxial connector is used with profit by every business, rail for 22,000 off-airline offices. 
» a universal unit: two identical connec- 
» tors plug smoothly into each other with- Facts on low Air Express rates: 
) out any intermediate elements, avoiding —— 
ph tub 22 lbs. of new fashions goes 700 miles for $4.73. 
10-inc) 6-lb. carton of new jewelry line goes 1,000 miles for $2.24. 
ibe Same day delivery in both cases if you ship early. 
¢-focus Only Air Express gives you all these advantages: Special pick- 
oscillo- up and delivery at no extra cost. You get a receipt for every shipment 
jporar\ and delivery is proved by signature of consignee. One-carrier re- 


sponsibility. Assured protection, too—valuation coverage up to 
$50 without extra charge. Practically no limitation on size or weight. 
For fast shipping action, phone Air Express Division, Railway 
Express Agency. And specify “‘Air Express delivery”’ on orders. 


SPELY fj OO 


~ GETS THERE FIRST 














/ 


Rates include special pick-up and delivery 
door to door in principal towns and cities 





is de- a F 

(two: : Se ree 

vellow 3 with cable connector 

r sev: 

* ade- ) complication of male and female ends. | 

light. J) Connector has excellent electrical char- | AIR EXPRESS, A SERVICE OF RAILWAY EXPRESS AGENCY AND THE 


tive acteristics fo se in 50-oh xial 
ie) MERE Etatine foe een ten scHEDULED AIRLINES of THE U.S. 
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4500 Mc. Characteristic impeda 
50 ohms throughout connector: 
tions are minimized; standin; 
ratio is less than 0.3 db at all f;) 
cies below 4500 Mc. Flexible po! 
lene cable (50 ohms) is also ay: 
for use with new connectors.—(G 
Radio Co., 275 Massachusetts 
Cambridge 39, Mass. - 


Please mention number 160 When filling 


Ct aie ei 


PRECISION Smoke Density Meter 
INSTRUMENTS New model of instrument for smo: 


density measurements of oil-bu 
equipment and for sampling dust 





For an illustrated description of how PERMOPIVOTS are made, 
ask for the PERMOPIVOT booklet... Free on request. 


mosphere makes permanent record 0; 
actual smoke sample on paper test disk 
(Original model described in April 1947 
issue, page 302.) It is motor-driven, ha; 
time control switch and can be adjuste 
to practically any desired smoke densit 
range by varying sampling interval be 
tween 30 and 90 seconds.—Bacharac! 
Industrial Instrument Co., 7000 Bennett 
St., Pittsburgh 8, Pa. 


Please mention number 16] When filling out car 





NYE’S WATCH For INSTRUMENTS 
& CLOCK OILS [0 jcrcose  oe 








finest crude from which to refine lu- 
bricating oil for deliéate instruments 
of precision. When the refining is 
done by the scientific processes de- 
veloped through years of experience 
by Wm. F. Nye, Inc., the result is a 
specialized oil of the very highest 


Vacuum Adapter for 
Fractional Distillation 


New “Theimer” glass vacuum adapte: 
for fractional vacuum distillation con- 
tains no stopcocks, but employs internal 
glass valve which is automatically lu- 
bricated by distilling liquid. All mazni- 


quality. pulation is in three-way stopcock i 


Wn. F. Nye, Inc. 


NEW BEDFORD, MASS. 


ESTABLISHED 1844 














SENIOR ELECTRONIC ENGINEER 


FOR 
DESIGN — DEVELOPMENT — SUPERVISION 


LONG TERM RESEARCH & MANUFACTURING EXPANSION PROGRAM 
INTERESTING WORK—EXCELLENT SALARY—HOUSING AVAILABLE 


AASTINGS INSTRUMENT COMPANY. INC. 
’ I 





pump system, removed from contact 
with distillate. This stopcock does not 
require cleaning after each distillatio! 
Two models of new adapter are avail- 
able in variety of sizes of standaré 
taper or semi-ball connections. On 
model, with jacket around valve, is use 


HASTINGS INSTRUMENT CO. INC. 
HAMPTON, VIRGINIA 
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or circulation of coolant when distill- 
22 elle . » extremely limpid materials or of 
pe Wave Se liquid with viscous materials. 
* Bother model, without jacket, is satis- 
‘a Sfactory for normal distillates.—Scien- 
ae tific Glass Apparatus Co., Inc., Bloom- 
ts {,. Bipfeld, N. J. 


Please mention number 462 when filling out card 
es 2 











Zeolite Control Valve 

) New single control valve for zeolite 
os softeners has built-in backwash and 
vr i rinse rate controllers. Valve is six-posi- 
-bu 
st 


j 











tion type with two standby positions. 
| Operating positions provide separate 
" control of backwash, regenerant feed, 






cord of Thousands of installations and the outstand- 













‘l ~ © rinse and service, Available for control ing results obtained in controlled tests have 
en, has [ee of all types of ion exchange systems amply attested the values of FARRIS Safety 
djuste and pressure filters.—Cochrane Corp., Relief Valve design. 

densit 17th St. & Allegheny Ave., Philadel- 

val be phia 32, Penna. Certified tests have proved the consistent su- 
o rac! : Please mention number 163 when filling out card perior capacity, the tightness—the resuld of 
ennett 






the 2% to 1 guiding ratio, assuring full lift 

and positive reseating. Maintenance men tes- 

tify to the ease and economy of replacing the 
loose disc—with a minimum of down time, 
with no special tools, without the usual prob- 
lems of trick lapping, difficult machining and 
factory supervision for adjustment. 








Five-way Binding Post 
New 5-way binding post is adaptable 
} for permanent clamping, spade lug con- 
> nection, plug-in for banana plugs, loop- 































































dapte: 
n con- Other features include: double universal joints 
em in alignment spool—iong, low-stressed, pro- 
er tected loading spring—full certified capacity 
eck i 689 discharge assured by nozzle throat and high 
; ; disc lift—spring chamber kept vapor - tight 
ing and clamping, and clip lead. Posts with guide seals—viscous materials kept fluid 
) are rated 30-ampere capacity and 1,000- by i I coil. In all FARRIS “ ae 
volt working voltage—Superior Elec- y internal coil. In all, 15 RIS “Exclusive 
trie Co., 480 Hannon Ave., Bristol, features provide the design and quality that 
Conn. have made FARRIS performance which has 
Please mention number 164 when filling out card , ' - built complete acceptance. 
i 
‘ Wide-range Oscillator NEW 72-PAGE CATALOG JUST RELEASED 
' New model “Megamarker” oscillator 32 pages of Data. See the FarriSeal Bellows 
| incorporates wider range of frequency ° . 
| (29 to 89 Me.) than maker’s standard Corrosion-resistant Valves. FARRIS Pinch Valve. 
FARRIS ENGINEERING CORP. 
H 436 Commercial Ave., Palisades Park, N. J. 
3 
; 
ntact t 
3 not 
tion A Fe 
vail- 
dard SAFETY and RELIEF VALVES 
One 
used with odv meee 
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model (19 to 29 Mc.). All mod 

accuracy of 0.25 percent and 

oscillator for calibrating varia} 

lator; they also provide mark: 

Me. for adjusting television so 

one-second zefo setting criminator.— Kay Electric C 
‘ ook, N, J. 


with revolving dial and i Please mention number 165 when filling 


external kneb 
V. U. Instrument Multip je; 


New V.U. instrument m 


HEISE GAUGES ance ia sise normally lenited fe co 


STANDARO OF THE WORLD 





and voltage-divider circuits. Extra t 
minals increase utility of unit, since jy 
“off” position, V.U. multiplier networ 
is automatically disconnected from ir, 
which it normally bridges, and \. 
instrument, completely isolating bot! 
Instrument is connected to auxiliary 
pair of terminals on multiplier when 
“off” position, thus enabling instrument 
to be used for volume indication on an. 
other line, for tube checking and other 
purposes. Modifications of standard 
units can be produced.—Shalleross Mf, 
Co., Collingdale, Pa. 


Please mention number 166 When filling out card 

















High precision OPTICAL PARTS 
for Research, Development 
or Production. 
| . D-c. Voltage Multiplier 

Thi PARABOLIC or SPHERICAL for VIVM 





D'ARSONVAL PORTABLE Mirrors. New d-c. voltage multiplier for mak- 


eae | 


CHUMP UONAETEIN | occ. pecs or vetatea | 10008" oks: comets 
- ’ 


AND MOVEMENTS components for your 
visual, photographic 
or electronic 
requirements. 
= 
Natural or Synthetic 
CRYSTAL OPTICS 
Lithium fluoride, sodium 
chloride, potassium bromide. 
Fused or natural quartz 
elements. " } 
2 Basses : Mad 92) 


Vacuum Coating of plug-in flexible lead tested for 22,(00- 
Optical Parts. volt breakdown; Nickel-plated brass 
contact pin mounted in tapered poly- 
styrene rod ote ow long; : remov ee 
: Bakelite safety flange; and varnished 

John Unertl Optical Co. Bakelite handle enclosing dropping re- 
, ' eters sistor tested at 30,000 volts. — Tube 

l) \ LIRORATORIES Ty 3551-3555 East Street Div. of Sylvania Electric Products, Inc. 
===5 pi Pittsburgh 14, Penna. 500 Fifth Avenue, New York 18, N. } 


4316 N. Knox Ave. Chicago 41, It. Please mention number 467 when filling out car 
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Automatic Timer 


New “Type DB” timer for automatic 
Eming of continuous processing work 
here process periods bear a percentage 















Selationship to total time cycle is said 
"io eliminate need for multiplicity of 
“imers arranged in cascade system. En- 
ire process combining many operations 
an readily be set up on single dial. 
otal time cycle and individual periods 
Mare adjustable. Speed range is in ratio 
of 36 to 1.—Struthers-Dunn, Inc., 150 
. 18th St., Philadelphia 7, Pa. 


Please mention number 16g when filling out card 






OS tea 


AHS pet 


muteyee 





Automatic Controller for Steam 
' Return Line Treatment 


' New “Pressure-Jet System” of cor- 
“rective treatment comprises two fac- 
“tors: “Pressure-Jet Unit” and “Pres- 








» sure-Jet Fluid.” Unit is easily installed 
' and completely automatic. Operates 
F either on 110 or 220 volt a.c. or d.c. 

) Pressure-Jet Systems, Inc., 528 Citizens 
 Bldg., Cleveland 14, Ohio. 


Please mention number 169 when filling out card 








Hand Tachometer 


New “Model 4800” tachometer is of 
mechanical centrifugal type, indicating 
in either direction of rotation. Three 








ranges furnish speed indication from 
0-50,000 rpm. or 25-25,000 rpm. Range 
‘election igs accomplished by rotating 














MODULATION: Amplitude modulation is contin- 
vously variable from O to 30%, indicated by a 
meter on the panel. An internal 400 or 1000 
cycle audio oscillator is provided. Modulation 
may also be applied from an external source. 
Pulse modulation may be applied to the oscillator 
from an external source through a special con- 
nector, Pulses of 1 microsecond can be obtained 
at higher carrier frequencies, 


MEASUREMENTS CORPORATION 


NEW JERSEY 


BOONTON 





magnets 


CHICAGO 





MAGNETIC CIRCUITS 


The only portable fluxmeter available 
which returns rapidly to zero when a single 
button is depressed. Simple and fast in op- 
eration. Convenient and light in weight. 

Not limited to a single type of meas-re- 
ment. Has universal application for labura- 
tories or production. Measures strength of 


and hysteresis loops for iron and steel, total 
flux lines in circuit, flux lines developed in 
air gap, etc. 

Has a mechanical clamp to protect the 
pivots and jewels when in transit. 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


112 POTTER STREET, CAMBRIDGE 42, MASS. 


TEST YOUR 





TYPE 504 





1949 improved 
instrument and 





powerplant 
equipment. 


and _ electromagnets, permeability 


Representatives 


NEW YORK CITY 
LOS ANGELES 
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2 to 400 MEGACYCLES 


ACCURACY 


(MEASUREMENTS CORPORATION move. 80 | 


STANDARD SIGNAL GENERATOR 














FREQUENCY 


0.1 to 100,000 
microvolts 


OUTPUT 
IMPEDANCE 
50 ohms 





TELEMETERING 
GYROS 


a Giannini telemetering units include 
H rate gyros calibrated for rotational 
f measurements of 10° to 1000° per 
second, and position gyros with one 


4 or two axis electrical sensory elements 


RAWSON FLUXMETER ; 


All gyros operate from 24 volts dc. 





Recently expanded manufacturing 
facilities afford firm delivery of 









Latest Technical Catalogs on Request 
L Grannint. 


285 W. Colorado, Pasadena 1, California 
697 Morris Turnpike, Springfield, N. J 





+ 5% 
OUTPUT VOLTAGE 





BEES 

























MODEL 200 
DIFFERENTIAL 
PRESSURE 
INDIGATOR 


Actuating Unit 
0-300 W.C 











Torque Tube Drive 
Chambers 


Write for Preliminary Data Sheets 200-1 and 202-1 


BARION INSTRUMENT CO. 


3502 UNION PACIFIC AVE., LOS ANGLES 23, CALIF. 


TWO SMASH HITS! 


The NEW Barton Indicating and Recording Flow Meters 


MODEL 202 
DIFFERENTIAL 
PRESSURE 
RECORDER 


For the first time, a long desired operating characteristic of the actuating element in 
flow meters has been achieved by Barton Instrument Company. 

Stainless Steel Rupture-Proof Bellows * 
Removable Pressure 


Self Venting or Draining 
Differential Range: 0-20 W.C. to 











HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 41 years. 


In general use 
for specification 
purposes. Sim- 
ple, sturdy. 
Comparatively 
inexpensive. 
* 
Illustrated 
bulletins 


free 


The Shore Instrument 
& Mfg. Co., Inc. 


9025 Van Wyck Ave., Jamaica 2, N. Y. 














AMTHOR Dead Weight 
Pressure Gauge TESTER 





Modern design and construction puts 
this rugged precision instrument in 
a grade above the ordinary dead- 
weight testers. 


Made in ten ranges, to 5000 Ibs. 
maximum, 


We guarantee 1/10 of 1 percent ac- 
curacy in each range, 


The Type 452 is designed for sim- 
plicity and compactness. It incorpo- 
rates the newest refinements and 
improvements, Adapters and tools 
are supplied, as well as either car- 
rying case or protecting cover. 
Immediate and intelligent at- 
tention will be given to your 
inquiries on all industrial 
speed measurement problems. 


Drop us a line today. 


Amthor Testing Instrument Co., Inc. 


49a Van Sinderen Ave. Brooklyn, N. Y. 














Serving 


Glass, Quartz, Salt, Stainless Steel. 


2400 Massachusetts Ave. 





“&> OPTICS 


Manufacturers 
Laboratories 


TO ORDER 


Schools 
Colleges 


Experimental or Production runs for Scientific Apparatus Fabricated in 


Surfaced or drawn flat glass, cut, edged and drilled to your specifications. 


A. D. JONES OPTICAL WORKS 


Cambridge 40, Mass. 








Page 66—Instruments—Vol. 22 





knob marked “Low, Mediw 
Pointer holds measured speeds 
strument has been disengaged, 
engaged by push button.—,/ 
trola Corp., 463 Fairfield A. 
ford, Conn. 


Please mention number 170 When fillir 











Liquid-level Control|: ; 


New “Acrafloat” automati 
level control switch is of magni 
operated by a free float enca 
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vertical metal pipe; is claimed to | 
trol and indicate liquid levels ‘ 
fraction of an inch within requir 





















































































vertical differentials of many feet.” | 
consists of a float unit (Fig. 1) and: 
control unit (Fig. 2), latter designe 
for operating pump motors, valves ©! 
indicating lights.—Dept. A, Clapp !':- 
strument Co., Webster, Mass. 


Please mention number 171 When filling out car 





Automatic Piston Inspector- 
classifier 


New model of “Multicheck” perform: 
simultaneous check of eleven critica 


dimensions and determinations of on¢ 


of five skirt diameter classifications 0! 


diesel pistons. Master light shows 


whether all dimensions are within spec 
fied tolerance limits by changing from 


red to white. Individual signal lights 
show whether dimensions are under 0! 
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ad” permits easy and quick classifi- 
tion according to the skirt diameter. 
aThe Sheffield Corp., Dayton 1, Ohio. 


Please mention number 172 when filling out card 


@ aes " . 
Br tolerance limits. “Electrigage 





Indicating Electrical Instruments 


| New panel instruments for d.c. and 
Zc. measurements are matched for 
Mounting on same panel; are of three 
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types: permanent-magnet, iron-vane, 
‘and solenoid types. Also announced are 
hire needle-tipped instruments with 
-hairspring repulsion type movement fit- 


Hing some cases, with 5% accuracy 





ore pe —Sterling Mfg. Co., 9205 
etroit Ave., Cleveland, Ohio. 
Please mention number 173 when filling out card 


Multi-range Kilovoltmeters 


| CORRECTION.—Dec. issue, page 
1116, in description of new instrument 
made by Beta Electronics Co., sixth line 
trom bottom of page, “20 ma. full- 
Beale” should read “20 microamperes 
Tull-seale.” 





Elementary 
Engineering 


. Electronics 

With Special Reference to 
‘ Measurement and Control 
i By ANDREW W. KRAMER 
: a 
j Cloth, 344 pages, 
¢ 
' 





259 illustrations. 
$2 postpaid. 
. 
Check, money order or cash 
must accompany order. 


"| INSTRUMENTS PUBLISHING Co. 
: 1117 Wolfendale Street 
i Pittsburgh 12, Pa. 











FREQUENCY RANGE 
54 to 216 MEGACYCLES 


The model 202-B is specifically designed 
to meet the needs of television and FM 
engineers working in the frequency range 
from 54-216 mc. Following are some of the 
outstanding features of this instrument: 


RF RANGES—54-108, 108-216 mc, + 0.5% ac- 


curacy. 
VERNIER DIAL—24:1 gear ratio with main fre- 
quency dial. 
FREQUENCY DEVIATION RANGES—-0-80 kc; 
0-240 ke. 


AMPLITUDE MODULATION—Continuously vari- 
able 0-50%; calibrated at 30% and 50% 
points. 


BOONTON RADIO 


BOONTON-N-J-U-S-A 


-FOR YOUR 


WITH precision accuracy and matchless dependability our 


are prepared to fabricate any specific glass apparatus 





masters” 


( fr biel , 





MODULATING OSCILLATOR—Eigh! internal mod- 
ulating frequencies from 50 cycles to 15 kc., 
available for FM or AM. 

RF OUTPUT VOLTAGE—0O.2 volt to 0.1 micro 
volt. Output impedance 26.5 ohms. 

FM DISTORTION—tLess than 2% at 75 kc deviation 


SPURIOUS RF OUTPUT—All spurious RF voltages 
0 db or more below fundamental. 


Write for Catalog D 


MANUFACTURERS OF 
2X CHECKER 


SENERATOR 


as 


“glass- 


requirement for the instrument industry. We are actively engaged in 
the manufacture of scientific glassware, and are equipped to supply your 
“tailor-made” needs swiftly, efficiently and at low cost. 


Write Now! 





_KONTES W CLASS 


NE W 


JER 
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High-sensitivity Differential Pressure Gage 


WASHINGTON, D. C.—A differential 
manometer that will detect pressure 
differences as small as one millionth of 
an atmosphere over a range of total 
pressure from 1 mm. of mercury to 1 
atmosphere has been developed by 
Harry Matheson and Murray Eden of 
the National Bureau of Standards. This 
instrument, which operates on the prin- 
ciple of the aneroid barometer, can be 
used to compare pressures of gases, or- 
ganic vapors, and noncorrosive liquids. 
It is particularly useful in vapor-pres- 
sure work since less than a drop of 
liquid is sufficient to compare an un- 
known vapor pressure as a function of 
temperature with that of a known li- 
quid. The rest point of the new mano- 
meter is insensitive to temperature, 
and accidental pressure differences as 
high as one atmosphere introduce only 
temporary hysteresis effects. The instru- 
ment is also readily portable and need 
not be leveled before operation. 

A number of sensitive differential 
manometers have been available. How- 
ever, the majority of such gages do not 
operate satisfactory in the presence of 
vapors. Other common disadvantages 
are large dead volume, inconvenience of 
handling or moving, difficulty or slow- 
ness of manipulation, lack of precision, 
and sensitivity to temperature. In con- 
nection with a study, at the NBS, of 
high-pelymer plastics in solution, it be- 
came necessar yto compare solution 
vapor pressures accurately. Lack of 
suitable apparatus for this purpose re- 
sulted in the design of the new type of 
differential manometer, which is ex- 
pected to prove useful in other fields of 
research. It may also be advantageous- 
ly substituted for inclined-tube gages 
and other commercial devices for the 
measurement of small differences of 
pressure, 

The instrument developed at the Bu- 
reau measures a pressure difference as 
the change in the separation of a pair 
of nesting diaphragms indicated by an 
unbonded wire-resistance displacement 
gage. The two diaphragms are soldered 
together at their edges to form a very 
thin capsule into which is admitted one 
of the vapors whose pressure is to be 
compared. The other vapor surrounds 

the capsule externally. 

One of the diaphragms is attached to 
a stationary support through which 
vapor enters the capsule; the other is 
connected to the displacement gage. 
The four resistance wires of the gage 
are arranged to form a Wheatstone 
bridge, in which an increased separa- 
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tion of the diaphragms elongates one 
pair of wires and shortens the other 
pair. A decrease in the diaphragm 
spacing has the opposite effect. The re- 
sistive unbalance as indicated by a 
galvanometer gives an accurate measure 
of the separation of the diaphragms, 
and thus of the pressure difference. The 
capsule and gage are sealed in a 
vacuum-tight chamber. 

Tests of the new manometer at the 
NBS have shown that its sensitivity is 
not appreciably altered when the active 
elements are used at temperatures be- 


A 
\ 


















































WIRE 
STRAIN 
GAGE 
x 
N 
N Tildibhihhdh hehe LLidhhdhed 
N 
1h R 
Y 





c 


Diagram (in cross section) of the new NBS 
differential manometer. Changes in relative 
position of two nesting diaphragms (A), 
soldered at their edges to form a very thin 

le, are transmitted by means of the rod 
(B) to a wire-resistance strain gage and in- 
dicated on a galvanometer in the gage circuit. 
One of the substances to be compared is ad- 
mitted to the interior of the capsule through 
the stationary support (C); the other sur- 
rounds the capsule in the vacuum-tight com- 
partment (D). 





element 


View of 
partly disassembled 


ultrasensitive pressure 





tween 20°C. and 50°C., for \ 
absolute pressure between 1 
mercury and 1 atmosphere. 
ments can withstand a different 
sure of one atmosphere wl 
greater pressure is external to 
sule, or a pressure differenc 
atmosphere in the other direct 
equality of two pressures may b. fo, 
to 0.001 mm. of mercury; the d rect 
and magnitude of a pressure in: ja) 
may be determined between ar 
+0.5 mm. of mercury. The indicat, 
rest point remains constant wit} 
0.005 mm. of mercury for periods o; 
least one day, even though the dey 
may be subjected during this time , 
pressure differentials of the orde; 
0.2 atmosphere and temperatur. 
ations of several degrees. 














Neutron Counter 


PITTSBURGH, Pa.—A tiny atop. 
smashing device, no larger than a flo 
pot, has been developed by the West 
inghouse Electric Corp. to detect ani 
count neutrons, the vital building-block: 
in the nuclei of atoms. The neutrm 
counter was developed jointly by Dr 
William E. Shoupp, manager of nuclear 
physics and electronics at the Westing. 
house Research Laboratories and ) 
Kuan-Han Sun, Chinese-born resear 
physicist. 

Neutrons defy all ordinary method 
of detection and study since they carn 
no electrical charge and cannot be de- 
tected directly by electrical means. Th 
Westinghouse scientists took advantage 
of the atom-splitting qualities of th 
neutron to devise a method for trap- 
ping them. In the neutron counter, a 
small amount of uranium 235 is mixed 
with a special light-producing phosphor 
The mixture is coated on the surface of 
an electron-multiplier photo tube. Th 
whole device is contained within a meta 
cylinder which itself is lined with a 2 
thick wall of parafin to slow down fast- 
moving neutrons. When a neutron pass- 
es through the paraffin shield and 
strikes the uranium-phosphor film o 
the tube, it splits the uranium atom 
or atoms. In the tiny explosion whic! 
takes place, nuclear fragments ar 
hurled off and strike the phosphor: 
producing light rays. These light rays 
in turn produce electrons which t! 
are multiplied a millionfold and collect: 
ed at the end of the tube. 

Thus neutrons recorded as_ flashing 
peaks of light on a fluorescent scree! 
can be observed directly or the electrica 
impulses can be transmitted to electn 
circuits to give an accurate count of 
the atomic explosions taking place. The 
new detector can count the particles 
cast off by the exploding atoms at th 
rate of 100,000 a second—fifty times 
faster than the standard Geiger counter 

The detection of mesons—components 
of cosmic rays—may also be possible 
with the new instrument. “Althoug 
our work thus far has been confined t 
the recording of neutrons,” Dr. Kuar 
said, “there apparently is no reasol 
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hy the same instrument cannot be 
Msed to detect the heavy mesons re- 
ently discovered existing in the upper 
ores latmosphere and artificially made in the 
wh: ve th Mlilmodern giant cyclotron.” 





10 te cay The neutron counter is based on the 
ice of i) orking principle of another atomic 
ction, Th ay detector, a scintillation counter, 
y be fow eveloped last year by Dr. Fitz-Hugh 
> direct farshall and Dr. John W. Coltman of 
ine qua e Westinghouse Research Laborato- 
mn 0 a ies (Instruments, Sept. 1947, page 
ir licated 82). 

nt w 

ri ‘ of 1 

a 4 Smell-control of 

ime Natural Gas 

are SCHENECTADY, N. Y.—A General 


"x-ray photometer, originally designed 
"to measure the tetraethyl lead content 
Mof gasoline, now is being used by the 
=i "standard Oil Company of California 
%o control the amount of unpleasant 





1y atom. {Euodor introduced into natural gas. The 
1 a flower odor in the gas is a protection for 
he Wes. H¥housewives and industrial workers, 
tect ani [imaking it possible for them to notice 
ng-blocks any leak in a natural gas line before 
neutron Meuit becomes dangerous. By using an x- 
’ by Dr fray photometer, devised several years 
f nuclear go by the G-E General Engineering 
Westing. Hand Consulting Laboratory, the amount 
and Dr, of smell emitted by the gas is being 
research ontrolled. 

The smell comes from sulphur com- 
methods (Pepounds chemically known as mercap- 
ey carry Pytans. According to Standard Oil en- 
t be de- Higineers, a small quantity of correctly 
ans. Th balanced mercaptan in a room is suf- 
ivantage eficient for quick identification. Mer- 
| of the captans with too little sulphur, how- 
or trap- MPyever, are unnoticeable, while those with 
unter, a excessive sulphur are intolerable, they 
s mixed said. The engineers pointed out that 
nhosphor. {Methe x-ray photometer finds a valuable 
rface of He application in controlling this sulphur 
be. The (content of mercaptans. 

a metal The instrument operates by measur- 
th a 2’ Being the extent to which a test ma- 
vn fast- (terial absorbs a beam of x-rays. By 
yn pass: MH comparison with materials for which 
eld and the absorption rate is known, the in- 
film on Hestrument determines the quantity of 
n atom Meany material mixed with another ma- 
1 which terial of different atomic weight. 
its are In operation, the photometer directs 
sphors an x-ray beam at a flourescent screen. 
it rays i) The intensity of the beam, after it 
h ther has passed through the material un- 
collect: Hi) der test and is transposed into visi- 
ble light by the fluorescent screen, is 
lashing J) Measured by photoelectric equipment; 
screen J the final reading is given on a dial. 
sctrical 
slectric 


gh X-ray Movies 


Use Radar Idea 


irticles 


at the 

times BLOOMFIELD, N. J.—A technique 
unter. J borrowed from wartime radar sets has 
onents provided the peak power flashes needed 
yssible JF to make super-speed x-ray motion pic- 
hough J tures. Donald C. Dickson of the West- 
ned to inghouse Research Laboratories in 
Kuan ff Bloomfield, N. J., stated at the National 
"eason E\cetronics Conference that a special 


high-voltage radar-type pulse transform- 
er and an electronic tube are key units 
in making exposures of 10 millionths 
of a second on x-ray film moving at 150 
frames a second. The tremendous surges 
of high-voltage power necessary to 
make these exposures are similar to the 
split-second pulses required to trans- 
mit radar signals. 

Exposures of 10 microseconds or 
faster are needed to hold motion blurr- 
ing to a minimum when capturing on 
swiftly moving x-ray film the pheno- 
mena that occur when live rockets are 
fired. Mr. Dickson explained that the 


research leading to the development of | 
high-speed x-ray movies was conducted | 


by Westinghouse for the eventual pur- 
pose of analyzing the burning action of 
fuel in a rocket. The project was spon- 
sored by the Navy’s Bureau of Ord- 
nance. 

Modifications of this super-speed 
x-ray equipment could be made to suit 
medical or industrial uses. As an ex- 
ample, physicians could capture on 
movie film visible evidence of the fast- 
est moving organs within human bodies; 
in industry, the mysteries of how metal 
is deposited from an are welding rod 
and how molten metal flows into a cast- 
ing mold might be solved. 





Automatic Computer for 
Aircraft-motion 


Mathematics 


AKRON, Ohio—An electronic “slide 
rule” that solves problems of motion 
just as fast as it takes for the motion 
to happen and gives the answers in a 
steady stream on a special tape has 
been designed and built by the Good- 
year Aircraft Corp. here. 

Developed under special contract with 
the United States Air Force, the com- 
puter operates on power supplied from 
any wall socket. It is two feet square, 
six feet tall, weighs approximately 800 





"The Best Book of its kind— 
not onl yon Glass Blowin g but 


on hundreds of techniques” 





Scientific 


Glass Blowing 


and 
Laboratory 
Techniques 


BY 
WILLIAM E. BARR 
AND 
VICTOR J. ANHORN 


Gulf Research and 
Development Co. 





| 


This book appeared in serial 
form in Instruments from De- 
cember 1945 to November 1947 
(both inclusive) and was hailed 
in many laboratories and plants 
as “the last word on a hundred 
and one useful subjects.” 


Skilled Technician Barr and 
Scientist Dr. Anhorn have joint- 
ly written the MOST INFORM- 
ATIVE book on glass blowing 


ever prepared. 





Not only is construction ex- 
plained in detail, but the operat- 
ing principles of all pieces of 
apparatus are also explained. 





380 PAGES 


212 FIGURES, most consisting of 
several diagrams. Total over 300. 


24 TABLES 
EXPERTLY-COMPILED INDEX 


$6.00 postpaid 


Remittance must accompany order 





Instruments Publishing Co. 
1117 Wolfendale St., 
Pittsburgh 12, Pa. 
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GUEST EDITORIAL 
Concluded from page $2 


be if the pilots could always be present to tell their side of the 
story, it nevertheless points out the direction our greatest efforts 
must take if we are to achieve any major reduction in aircraft 
accidents. In most cases it is quite unfair to speak of ‘pilot errors’ 
wher in actuality they are ‘designers errors’ which have made 
the pilot's task excessively difficult. Our greatest oportunities for 
increasing the safety of aircraft are in the improvement of the 


design of the 
by which he 
fron 


pilot’s tools, namely, the levers, knobs and switches 
controls his craft, and the multiplicity of instruments 


which he obtains his information.” 


Considerable research is under way at the Aero Medical 
Laboratory of the USAF Air Materiel Command on ways 
of designing instruments to improve their readability. 

The reliability of instruments has been made a study in 
design by many who have taken the broader viewpoint of 
making their product most helpful to the user. It should 
be acknowledged as a very important feature of instruments 
design for all purposes. 


6. In addition to improving process capacity and efficien- 
cy, and saving of labor, there should be added full con- 
sideration of the use of instruments for safety of operation 
of process equipment. 

There is another phase of safety—that is, detection of 
conditions at the time of an accident or mal-operation of 
equipment. Very often a comparison of records taken 
through a cycle proves without question just what took 
place, thereby enabling corrective measures to be taken in 
the design of equipment or in its method of operation. 


7. There is a great deal for engineers to do in the in- 
telligent application of instruments to industry. We should 
avoid over-zealous extension or promotion of the industry. 
Personally, I think it is time to stop, look, and listen, that 


this industry does not lose its balance and overdo t 
motional and extensive duplication of ideas that cr 
many industries. Sooner or later come days of re 
when the survival of the fittest and the weeding 
unnecessary elements take place. 


To best meet the demands of the future we shou 
meet the problems of today. Certain important needs 
future will be the continuation of trends of today, t 
requiring similar types of instruments and controls. 

We will certainly have problems of measuring t 
atures considerably higher than those of today. N: 
will the tempartures of steam,and other process fi 
carried higher than those now in use, but tempe) 
from the combustion of fuels will undoubtedly be 
those now considered usable by several hundred d 
There will be a real problem to measure these tempe1 
with the products of combustion and impurities « 
therein. 

In addition to continued use for measuring the fi 
gases and liquids, we will probably need to measu 
flow of mixture of both, and also an admixture of 
in suspension. 

There will be a greater need for instrumentation a 
to the chemical and physical analysis of materials 
streams of flow, and from such measurements, cont 
composition. We will probably be called upon to measun 
and communicate properties or functions of materials a: 
forms of energy beyond any now within our realm of knovy 
edge, or even speculation. 

This industry is in a very strategic and enviable posit 
It is useful and essential. It has very wide applicatio: 
many of the industries and processes known today and 
hold an increasingly important position in more complicat: 
processes yet to come. 





pounds and contains 100 radio tubes. 
It solves linear differential equations 


Instrument “Road Show™ 


cities in the northeast, mid-Atlanti 
and mid-western states, the exhibit 






























in one-tenth the time required by an 
engineer, Once set for a particular 
equation, it will give answers in the 
same length of time required for the 
actual operation to take place. 

In effect, the operator writes his 
equation with electrical circuits. A 
board similar to a telephone switch- 
board with a number of plug sockets 
is used to simulate different equations 
by a variety of circuit combinations. 
Known contants in the equation are set 
into the machine by varying the value 
of the electrical resistance connected to 
the twenty amplifying units. 

Air Force requested the machine be 
built to assist researchers working on 
problems of motion in aircraft. Actual 
flight of the airplane is duplicated by 
the electrical current in the machine. 
Answers are obtained by translating 
the electrical impulses into the motion 
of a recording pen. 

One unit is designed to perform 
twenty separate mathematical opera- 
tions, but two or more units may be 
wired together for more complicated 
problems. Should the answer to any 
given problem, through an error in set- 
ting up the equation, become too large 
for the computer, warning lights on 
the control panel will flash. Two of the 
computers wired together will solve 
approximately 90 percent of all compu- 
tations that face aircraft researchers. 

Two units have been turned over to 
the Air Force and others will be used 
by Goodyear Aircraft and the Univer- 
sity of Michigan. 
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SCHENECTADY, N. Y.—With more 
than 9,000 miles of cross-country travel 
already behind it, General Electric’s 
rolling “Carnival of Measurements” 
exhibit has embarked on a year-long, 
14,000-mile tour of eighty major U. S. 
Industrial centers. 

Featuring “Instruments in Indus- 
try,” the collection of more than 150 
electrical measuring devices manufac- 
tured by the G-E Meter and Instru- 
ment Divisions, West Lynn, Mass., will 
include executives and engineers repre- 
senting utilities, municipalities, indus- 
tries, research laboratories and gov- 
ernmental agencies and representatives 
of schools, colleges, and engineering 
societies. 

Since completion of the first lap of 
the tour which took it to 21 major 


has been brought up to date. Now it 
consists of panels on which are dis- 
played switchboard, panel, and 
craft instruments; instrument 
sories and components; photometric 
devices and photovoltaic cells; tim 
switches; portable testing instruments; 
remote position indicators; recording 
instruments; instrument transformers 
laboratory instruments; watthour met- 
ers; and telemeters. 

Illustrated talks on the operation and 
application of the instruments ar 
given at each showing by J. M. Whit- 
tenton, sales manager of the elect 
instrument division, and R. W. Kunki 
of the marketing service division, 
other representatives of the G-E West 
Lynn, Mass., Works. 
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t H. C. Frost, 1st V. Pres. 
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Sure t 
of si i General News 
j 9 the Members of the Instrument Society 
. avn i of America, 
rials j) $epREETINGS: 
ntro] | Again we are at the beginning of a New 
; ‘ Byear. For a young organization such as 
measure burs, it will be an important New Year as 
a re all early formative years. Like the 
© 41d Ti oungsters that all of us once were, we 
f know|. $ijearn more and grow faster, proportion- 
“ately, in the earlier years, than we are ever 
Mo learn or grow afterwards. (We have only 
POSitioy remember the words of the educator: 


atioy MGive me a child before he is seven, and I 
; Man tell you what kind of an adult he is 
oing to be.) 

The Instrument Society is celebrating the 
“tart of its fifth New Year. Since that meet- 
Sing in New York in December 1944 when 
Wepresentatives of various local societies 
rst met somewhat informally, and then 
Mater in April 1945 in Pittsburgh, when the 
Wepresentatives of fifteen local societies met 
Wormally and formed the Instrument Society 


and wi 
Plicate 
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exhibit [Rjpf America, we have grown until now we 
Now }t ave more than forty local sections within 
S2 nd even outside the boundaries of the 
re dis- #wnited States. Under the wise leadership of 
“won Sperry, Fairchild, and Exline —our past 
ne presidents, we have earned a position of 
acces- Miistinction and now take our place with sis- 
ymetri ter organizations side-by-side, in the tech- 
© Bi whical world. We can point with pride to an- 
; time @inual conferences and exhibits held in Pitts- 
me ‘burgh, Chicago, and this past September, 
ents: "to the historic ones in Philadelphia. 
-ording = You, the Members, are all part of our 
; msuccess in achieving our present position. 
rmers; #yYou are all part of our hope and promise 
ir met. [or the future. 
A Happy New Year to you All! 
Carl F. Kayan 
on al President. 
eS ar i 
Whit. EXECUTIVE COMMITTEE MEETS 
ectric Ta IN New York, Dec. 1-2 
Sunk! | The Executive Committee held a two-day 
‘ Smeeting in New York on Dec. ist and 2nd 
on, ol with Carl Kayan, H. C. Frost, Fred Trap- 
West ell, J. B. McMahon, Lyman Allen, H. Bar- 


mum and Richard Rimbach present. A few 
ommittee chairmanships were settled as 
follows: 

eetings Committee, Ed. Grace 

Finance Committee, George Feeley 
Constitution, Earl Rieger 

Publication, Ralph Batcher 

Rules and Procedures, C. C. Vogt 

A special committee was formed under 
he chairmanship of Ralph Batcher to study 
the frequency of exhibits. 

The Secretary was empowered to employ 
additional non-executive personnel, salary 
of $200-$300 per month, to be paid out of 
ithe non-executive salary part of the budget 
and to obtain subsequent approval for a 
deficiency budget from the Board of Direc- 
tors at Toronto in May 1949. 

Various reports by committees and in- 
terim reports of the vice-presidents were 
accepted or passed on to standing commit- 
tees for their use. 

The next meeting of the Executive Com- 
mittee is to be held in Chicago sometime 
in March 1949. 





PITTSBURGH TRIES ANALYZING 
MEETING PROGRAM 


\t a recent meeting of the Pittsburgh 
Section, cards were passed out to those 








Editor, H. L. HILDENBRAND, Box 35, Onarga, Illinois 
I.S.A. National Office, 1117 Wolfendale St., Pittsburgh 12, Penna. 


I.S.A. Officers 


F. H. Trapnell, V. Pres. 
J. B. McMahon, V. Pres. 


present for the purpose of rating the talk. 
The card is reproduced herewith 


Np 0” RR ere ie ee .... (date) 
Member [] Associate Member [] Guest [ 
What is your opinion of tonight’s talk? 
Do you rate it... 
excellent [1 fair poor (1 
How much are you interested in the subject? 
Very much [] fairly (J very little 0 
Would you like the Society to arrange for 
another talk on the same subject in the 


near future? yes ( no [] 
How was the presentation: 
excellent [ fair [J poor 


Critical remarks and suggestions...... 


No signature required 


Results were as follows: 

Out of 94 cards distributed to about 125 
present, 45 replies were received: 
Number of replies 45, of which 32 are mem- 

bers and 13 guests 71%—29%. 
Percentage of replies: 48% of cards dis- 

distributed 36% of those present. 

Talk was rated excellent by 35, fair by 10. 

78 %—22% 
Interested: very much 24 (55.3%), fair by 

18 (40%), very little by 2 (4.4%). No 

reply 1—(203%). 

Another talk on same subject requested: 
yes 27 (60%), no 16 (22%), no opinion 

8 (18%). 

Presentation rated: excellent by 31 (69%), 

fair by 14 (31%) 

Nine cards offered critical remarks and 
suggestions: there were several critical re- 
marks with regard to poor arrangement of 
the light switches, a suggestion that par- 
ticipants in the discussion should go to the 
microphone—otherwise the questions are not 
audible in the rear, suggestion that the talk 
should not be read off a manuscript and 
that the discussion should be kept on the 
subject. The three most constructive sug- 
gestions are: (1) that more than one speak- 
er on a subject be provided; (2) that the 
next time a speaker be chosen who takes a 
positive stand or at least will give a full 
discussion of it; (3) that more pertinent 
data such as costs, etc, be given. 

Possibly other sections would like to try 
this scheme. It is often difficult to deter- 
mine what the members want and this 
method may, if used for several meetings, 
gradually give the program committee a 
better understanding of the type of talks 
the section’s members desire. 


PHILADELPHIA RUNS GADGET CONTEST 


The Philadelphia Section has sponsored 
a “Gadget Contest” and prize winners are 
announced in the Section News Reports. 
The more one thinks about the subject of 
gadgets, knowing instrument men, the more 
it becomes apparent that such a contest 
holds promise of a lot of fun for the mem- 
bers and, by no means a slim chance that 
several useful devices will be developed. 

Aruba thinks highly of the contest and 
“The Aruba Bulletin’ for November 1948 
says that they plan to publish some of the 
gadgets for the edification of Aruba Sec- 
tion members. The suggestion has also been 
made that this idea could be adopted na- 
tionally. Aruba’s members are asked to 
give their thoughts on a national gadget 
contest to the section secretary. If mem- 
bers of other sections care to transmit 
their comments to the Journal Editor, I 
will pass them on for consideration by the 
Executive Committee. 





Hugh E. Ferguson, Treas. 
Richard Rimbach, Exec. Sec’y 


No. 1 








REGISTRATION LIST FOR 1948 
CONFERENCE 

The list of those who registered at the 
1948 National Instrument Conference and 
Exhibit has been prepared and distributed 
to Exhibitors by the National Office. The 
names are arranged under employing firms 
and the firm names in alphabetical order 
The occupational, industrial and geograph- 
ical breakdown is being prepared and will 
be released in the near future, 

The list makes a 72-page book (8% xX 11 
pages) and two copies have been distrib- 
uted to each exhibitor, Additional copies, 
if any are available, will be priced at 
$10.00 each because of the great cost 


ISA SPRING MEETING 

The ISA Spring Meeting will be held May 
12 and 13, at the Royal York Hotel, To- 
ronto, Canada, Program data will be avail- 
able shortly. 

Hotel reservations should be made with 
Mr. G. R. Street, Convention Manager of 
the Royal York Hotel 
One person to a room.... 
Two persons to a room 


$ 6.00 per day 


(Twin Beds) re $ 4.75 
Three persons to a room $ 4.25 
Four persons to a room $ 4.00 
Suites (Two persons ) $19.00 


Section News 
BOSTON 

The Boston Section held its third meet- 
ing of the season at 6 p.m. December Il, 
1948 at the Boston Yacht Club, Rowes 
Wharf, Boston overlooking historic Boston 
harbor. 

The after-dinner speaker Mr. P. A. El- 
fers, Vice-President and Sales Manager of 
the Fisher Governor Company was intro- 
duced by President E. R. Hoffman. ‘ 

Mr. Elfers, a graduate of the University 
of Wisconsin, has had many years experi- 
ence in the refinery and construction fields, 
he took as his subject “Liquid Level Con- 
trol—Modern Construction and Applica- 
tion.’’ The forty-five members present were 
very much interested in Mr. Elfers’ talk. 

The next meeting will be held on January 
26, 1949, when Mr. J. A. Pellettere of the 
Gulf Oil Corporation will have as his sub- 
ject: “Interconnected Control Instruments.” 

James Condon, Corr. 
CALIFORNIA 

The annual meeting on January 4th, is 
important for the business of the Section, 
as well as for an excellent program this 
time, The business will consist principally 
of the report of the Election Committee, 
announcing the names of those who will 
be entrusted with the responsibility of con- 
ducting the affairs of the Section for the 
coming year. The speaker will be Dr. 
George Van Lear, of the Instrument Divi- 
sion of Lane-Wells Co, The pioneer com- 
mercial photo-electric “Pen Recording Ra- 
man Equipment” will be described and 
illustrated, and examples of its application 
will be presented. In general, Raman spec- 
tra are valuable for problems of molecular 
structure and constitution. With this equip- 
ment, industrial research laboratories can 
apply Raman spectroscopy to the rapid 
analysis of many organic and some inor- 
ganic solutions. 

A special expedition to the Aerojet En- 
gineering Corp. plant at Azusa has been 
set for January twelfth. We are to arrive 
at the plant not later than ten-thirty, and 
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expect to be through by twelve-thirty, We 
vill see the processing of the propellant 
for the standard Jato units, some test fir- 
ings of these units, and the instrumenta- 
tion connected with the test cells. Because 
ff security regulations, it is necessary to 
know who plans to attend, and this trip 
must be restricted to members of the Sec- 
tion 

There will be a special joint dinner meet- 
ng of the American Society of Mechanical 


California Meter 
California Nat- 


The 
The 


engineers, 
\ssociation. 


Southern 
Southern 


iral Gas Association, and the Instrument 
Society of America on Wednesday, Febru- 
iry 9% at the Rio Hondo Country Club, 
hich will be addressed by Major M. F. 
Behar, editor of Instruments Magazine, on 


Fundamentals of Instrumentation.” 
CENTRAL INDIANA 

The December 7th meeting was held 
the auditorium of the Indiana Bell Tele 
phone Co. Officers elected for 1949 are 
J. B. Brill, President, Morris Underwood. 
Vice-President, and Henry Coffee Secre- 
tary-Treasurer, Following the business 
meeting a lecture-demonstration was given 
by E. C. Belzer, a representative of Indiana 
Gell. Mr. Belzer discussed some of the most 
recent advancements in telephony, as well 
1s some of the earliest attempts in voice 
transmission. 

In tracing the history of voice communi 

cation, Mr. Belzer related the progress 
made in many fields including metallurgy, 
chemistry, electricity, piezo-electricity and 
radio. He also discussed the most recent 
developments in the field of network broad- 
casting and television network broadcast- 
ing. 
_ One of Mr. Belzer’s most interesting ex- 
hibitions was lighting an electric bulb with 
a match and then blowing it out with his 
breath. This demonstrated the sensitivity 
of a Bell Laboratories invention, the 
“Thermistor”, a device which prevents 
variations in the clarity of a long distance 
call regardless of variations in the tempera- 
ture of the telephone wire. 

Besides explaining the development of 
the telephone cable, one of the most im- 
portant chapters '!n the history of the com- 
munications industry, he also explained 
the interesting role of quartz crystals in 
separating the hundreds of messages which 
may be carried over a single coaxial cable. 
hese crystals are now grown commercially 
under controlled conditions. ! 

The highlight of Mr. Belzer’s talk was a 
lisplay of the ‘Transistor.’ This amazinelv 
simple device housed in a tiny eylinder 
less than an inch long, vet it can do ev 
erything a vacuum tube can do and many 
other things besides, Two hair thin wires, 
touching a pinhead of a solid semi-con- 
ducting material soldered to a metal base 
are the principal parts of the ‘Transistor.’ 
When in operation it consumes less than a 
tenth of the power of an ordinary flash 
light bulb, It expected to be used to 
mplify telephone speech, to take the place 


in 


is 


is 


of ordinary tubes in radios, and perform 
some entirely new functions, 
lhe January 11th meeting will be held 
in Cropsy Auditorium at the Public Li 
brary. The speaker will be Mr. K. R. Geiser 
of the General Electric Co, and his subject 
will be “The Instrument Servo-Mechanism 
ind Instrument Telemetering.” 
E. E. Taylor, Cor 
CHICAGO 
The December 6th meeting at the Build- 


er’s Club had as its scheduled subject “In- 
dustrial Applications of Electronics” by 
Lee Whilcoxon, Director of Electrical and 
Electronics Schools, Industrial Training In- 
stitute 


EASTERN NEW YORK 


The annual dinner meeting was held on 
December 9, 1948, at the Circle Inn, Lat- 
hams Corners, N. Y., with over fifty mem- 
bers and guests attending. The business 


phase of the meeting consisted of the elec- 
tion of new officers and voting on amend- 
ments to the constitution. The newly elect- 
ed officers are as follows: ; 


President, W. J. Claffie, Jr., —Winthrop- 
Sterns Inc., Renss., N. Y. 

Vice-President, Thomas Carse—Schiefer 
Electric Co., Albany, N. Y,. 

Rec, Secretary, J. H. Brandeau—Behr- 
Manning Co., Troy, N. Y. 

Corr. Secretary, D. M. Wilsey—General 


Electric Co., Schenectady, N. . 
Treasurer, R. N. Bushman—General Elec- 
Y 


tric Co., Schnectady, N. Y. 

Nat'l Director, G. Gardner—General Elec- 
tric Co., Schenectady, N. Y. 
Amendments voted on were to change 


the term of office of the officers from Jan- 
vary ist-——December 31st, to July lst—June 
Sist, and that the Executive Committee 
shall be composed of the officers of the 
section, the chairman of all standing com- 
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mittees, and the immediate past president. 
30th amendments were passed. 
At this point, the meeting was climaxed 


by the introduction of the speakers for the 


evening, Seemingly, the meeting was a 
meeting of presidents inasmuch as Carl 
Kayan, President of The LS.A. was in 


attendance to enlighten us as to the work- 
ings at the national office which are con- 
siderable as outlined by President Kayan. 
The information was of exceptional aid to 
the section members who were unable to 
attend any of the conferences. 

The last, but by far not the least of the 


speakers was E. . Lee, president of the 
A.LE.E., who was our guest speaker for 
the evening. Mr. Lee’s subject for the eve- 
ning was “What's New in Electrical In- 
struments and Measurements.” With this 
as his theme, he elaborated on the use of 
instruments and measurements and how 
they permeate not only our technical, but 
our personal living as well. He stressed 


the importance of measurements and spoke 
on the advancements of instrumentation 
and measurements through the past to the 
present. 

A rising 
both to President Lee and 


vote of appreciation was given 
President Kayan 


for their fine taiks and the meeting for- 
mally adjourned at 10:45 p.m, 
W. J. Claffie, Corr. 
KANSAS CITY 
The Kansas City Section held its reg- 


ular meeting on Tuesday, November 30th, 
at “The Crossroads.” The guest speaker 
was Mr. John R. Green, Manager of the 
Steel and Ceramic Division, Brown Instru- 
ment Co., Philadelphia, Pa, Mr. Green’s 
subject was “Radiation Pyrometers as Ap- 
plied to Industrial Processes.” 

Mr. Green’s talk, which was supplement- 
ed by slides, began with a review of the 
fundamental principles of radiant energy 
transfer whica served as a background for 
a discussion of the application of these 
principles to Industrial temperature meas- 
urements. A comprehensive explanation of 
“Black Body and Non Black Body Condi- 


tions’ was given. It was emphasized by 
Mr. Green that in temperature measure- 
ments, especially radiation type measure- 
ments, it is not always important nor de- 
sirable to know exact temperature. In ra- 
diation temperature measurements, accord- 
ing to Mr. Green, one of three types of 
measurement may be important, namely: 
1. Relative temperature as compared to 
exact temperature. 
2. Relative temperature only. 
8. Change of physical state. 
Slides depicting industrial applications 


illustrated the application of radiation py- 
rometers as a solution, in some cases the 
only solution, to problems requiring better 
means of measurements and automatic con- 
trol. After a brief question period, the re- 
meinder of the meeting was devoted to a 
report from the nominating committee on 
their nominations for 1949 officers. 

The nominating committee consisted of 
H. C. Van Smith, Loren Oberhelman, and 
Rheim Benninghoven, The committee’s nom- 
inations were as follows: 

President, W. J. Blackburn 
Vice-President, Ralph Baiers 
Secretary, S. L. Spies and George Haynes. 

The following additional candidates were 
nominated from the floor. 

President, Loren Oberhelman 
Vice-President, Rhein Benninghoven 
The Secretary was directed by the Sec- 


tion President to prepare and mail ballots 
to all members, enclosing self-addressed, 


stamped env2lopes for return of the ballots. 
The ballots will be counted and results 
made known at the regular meeting, to be 


held December 14, 1948. A joint meeting 
with the Chemical Engineering Society, 
was held on December 14, 1948, at the 


University of Kansas City. 

Mr. Vincent V. Tivy, Manager Refinery 
Instrument Sales, The Foxboro Co., Fox- 
boro, Mass., presented an illustrated lec- 
ture on “Control Instrumentation For 
Process Industries.” Mr. Tivy explained 
the fundamentals of Proportional Band, 
Automatic Reset and Rate-Action, and their 
effects upon proccss controls. The members 
thoroughly enjoyed Mr. Tivy’s colorful pres- 
entation of his subject. 

The officers elected for the year of 1949 
are as follows: 

President, W. J. Blackburn, Brown Instru- 
ment Co. 

Vice-President, Rhein Benninghoven, Re- 
public Flow Meters 

Secretary, S. L. Spies, J. F. Pritchard & 


Co. —W, A. Reichow, Corr. 
LOUISVILLE 
At the meeting on December 14th, the 


following officers were elected: 
President, Pearce Grose, Tube Turns 





Vice-President, Mel Johnson, |} 
rich Chemical Co, 
Trezsurer, E. L. Rogers, E, | 


Nemours & Co., Inc. 
Directors, Irving Lefkowitz, Jos: 
gram & Sons, Inc.; Estus Ball 
E Seagram & Sons, Inc 
Secretary, Howard Scherff 
Gas and Electric Co. 
—Paul B. S 


PHILADEPHIA 
The December meeting was 
nesday night, December 15th, at 
Room in the Bellevue-Stratford | 
meeting was devoted to a “gadg« 
which had been run over the p 
and awards were made folloyv 
ist Prize—$20.00 to Amos Keels 
Vacuum Oil Co., Paulsboro, N« 
on a novel sump level and flo 
2nd Prize—$15.00 to Wm. Lind 
Atlantic Refining Co., for a ur 
level indicator. 
3rd Prize—-$10.00 to J. 
Pennsylvania Salt Co., 
for an ingenious electronic 
eliminator. 
4th, 5th, 6th and 
were awarded to J. 
for a propane bottle filling cor 
tem; C, L. Harrington of the 
Co., for a copper tubing str 
device; J. Ritter of Socony Va 
a jig for welding neck orifice 
R. Roseburg of Atlantic Refi: 
for a vibration-proof thermocou 
Seven other awards of ISA pins w: 
to the following: 
Frank Nestor of Pennsylvania I: 
Chemicals; E,. Straing of Socon) 
vum; A. Hoffman of Socony I 
Allen of American Viscose; M. S. | 
of Socony-Vacuum; Fred Wethe: 
American Viscose and Ralph Ki 
American Viscose. 
The individual entries had been 


as 





Grant M 
Philadel; 
“Cor 
7th prizes of $ 
Jackson 


to poster size so that they wer: 
discernible by the audience and 
plained in detail before the _ indi 


awards were made. The session prov 
be a very interesting and amusing 
well as profitable for the prize 
Next month’s meeting will be held 


19 at the Bellevue-Stratford Hotel 
John C, Ko 
PITTSBURGH 

Over 70 members and guests 
for dinner at the Roosevelt Hotel 
vember 22nd. There were an addit 
present for the paper by Mr. F. 
rilla of Carnegie Illinois Steel C 


“Open Hearth Instrumentation.”’ 

The discussion and questions at t 
clusion of his presentation indicat 
usual interest in the problems 
mentation as well as those of comb 

Activity is continuing on the or; 
tion of an Inspection and Gagins 
The Steering Committee has arrans 
next meeting of the group for T 
January 18th, when Mr. E. J, Abbot 
speak on “Surface and Roughnes 
urements.” 

On the evening of Monday, D¢ 
20th, 40 members and guests gather 
dinner before the monthly meeting. 
75 were present when the meeting 
at 8:00 p.m. Chairman R. R. Webst 
the Program Committee presented 
tative program for next year, N 
Secretary Dick Rimbach then told 
of the plans for the °49 Conferenc: 
Exhibit in St. Louis and introduc: 
new assistant secretary, John McCaff: 

Mr. C. H. Barnard, of‘ Bailey Met« 
spoke on “Gas Analyzers.”’ His talk 
with the application of these instru 
to combustion processes as employ 
boilers, cement kilns, open hearth, 
tanks, petroleum furnaces, and conti! 
strip annealing furnaces. A lively 
sion period followed with most 
questions dealing with cleaning up th: 
sample before passing it to the instru: 

The next meeting will be held on 


ot 


day, January 24th, at the Roosevelt Hot 
Mr. J. Manuele, Director of Quality Com 


trol of Westinghouse Electric Corp 


Fromm, 


speak on Quality Control and Instrument 
{..M ; 


tion, --N 


ROCHESTER 


ea 
\ 


( 





The November 23rd meeting was hel 


the Bausch and Lomb Physics Building 
University 
Wilfr 


the River Campus of the 
Rochester, Rochester, N. Y. Mr. 
Howe, Director of Research of the 
boro Co., Foxboro, Mass., was the sp¢ 
of the evening. Mr. Howe spoke 
subject, “Electronic Instruments.” 


(Continued on Page 
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ROM a construction standpoint, the 
simplest control valve is probably 
the single or double seated 
Bevelled Dise” type, sometimes called 
Duick Opening” or “Poppet” valves. 
hey were probably the first type of 
yes used with automatic control de- 
es since they are essentially globe 
yes with a sliding stem instead of the 
yal threaded type operated by a hand- 
eel, Being a simple valve, it is easier 
construct than the more complex 
pes in common use nowadays; its sim- 
icity is its principal claim to fame. It 
essentially a low lift valve, requiring 
ss lift than ported or shaped plug 
lves to reach a reasonable maximum 
pacity for passing the controlled 
edium. 

But the bevelled disc valve has fallen 

to disfavor because it has essentially a 

near flow-lift characteristic; the area 

its effective opening increases in al- 
host direct proportion to the lift of the 
se from the seat. When such valves 
he used on certain processes, a non- 
mearity appears; control results are not 
hually good under different “load” con- 
sions, load generally being expressed 

» terms of the valve opening necessary 

> maintain the measured variable at the 

pquired value. If, on these processes, 

e controller is adjusted to give opti- 

num control under a low load condition 

at is with a small valve opening, it is 
ound that excessive stability is realized 
When the process is operating under 
igh load conditions. Fig. 1 shows the 
ffect of this non-linearity. A propor- 
onal plus automatic reset controller 
perates a linear valve and the control 
nder low load conditions shows opti- 

um stability in recovering from a 

mall disturbance or load change, indi- 
ating that the controller responses are 

roperly adjusted. But on the right, a 
imilar disturbance applied to the pro- 

ess when it is operating at high load 
hows a recovery curve that is too 

able, even though the same controller 
gettings are used. By increasing the pro- 
portional response sensitivity setting of 

e controlier at this load, the dotted re- 
overy curve could be obtained, but this 
etting would be excessive when the pro- 
ess returned to the low load condition 
nd would result in sustained oscillation 
br “hunting”. So the sensitivity could 
hot be increased above the value re- 
juired at the more difficult load condi- 
ion. Unless the instrument is readjust- 
d for each load, the control results will 
hot be as good as they could be at any 
but the low load condition. 

In the control circuit of Fig. 1, the 
valve is linear, the controller response 
s linear but the process is non-linear. 
where are two rather obvious ways to 
orrect the circuit even without altering 
he non-linear process. It is conceivable 
hat another controller measuring the 
oad could be installed and used to ad- 


*Presented at Third Annual Conference 

of the Instrument Society of America, Sep- 
tember 18-17, 1948, Philadelphia, Pa. 
_ Note: Statements and opinions advanced 
in papers are to be understood as individual 
expressions of their authors and not those 
of the Society. 
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Fig. 1. Stability versus load in a control circuit. 


just the setting of the first so that the 
sensitivity is automatically increased 
with increasing load. This method has 
not been commercially used to any ex- 
tent because it requires a more elabo- 
rate control mechanism than is gene- 
rally justified. The same result can bh 
obtained by leaving the controller linear, 
but altering the shape of the valve disc 
so that a given increase in lift at larg« 
openings makes more increase in flow 
than the same lift at low openings. This 
has the same effect as changing the con- 
troller sensitivity which is only a 
measure of the amount of valve move- 
ment resulting from a given pen move- 
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ment, and valve movement only affects 
the process as it changes the flow of con- 
trolled medium to the process. 

The purpose, then of using a valve 
with characteristics other than those of 
a simple bevelled disc valve is an at- 
tempt to cancel the non-linearity of a 
process by means of a non-linear valve. 
If successfully done, the control circuit 
should have equal stability at all load 
conditions. 

It is not practical to design a valve 
individually for each process because of 
the large variety of process non-linear- 
ities. Instead, valve manufacturers 
have attempted to standardize on a so 
called “equal percentage” valve, which 
theoretically compensates for 
the more common process non-linear- 
ities. This characteristic is approached 
by a variety of valve plugs such as the 
various V perted and V notched types 
and the shaped plugs such as “ratio”, 
“throttle” and “parabolic” types. 

Acceptance of these “characterized” 
valves has been almost universal. They 
are used on all processes, linear and 
non-linear even though the equal per- 
centage characteristic adds to the pro- 
cess non-linearity instead of correcting 
for it. The bevelled dise valve with all 
its structural advantages has been 
relegated to the position of the button 
shoe. On many of the less difficult con- 
trol applications, the characteristic of 
the control valve used has very little 
effect one way or the other, but on the 
more difficult applications, some con- 
sideration should be given to the valve 
type if quality of control is important. 

If only in the interest of improving 
control application we should develop 
some simple rules to be used as guides 
in valve selection. This paper attempts 
to evolve those rules. But first it will be 
necessary to “tool up” with a little 
control theory to simplify the analysis 
and keep us from relapsing into gener 
alities. 


one oT 


PROCESS RESPONSE CURVE 
One of the simplest yet most useful 
methods of process analysis is that of 
approximating the process response 
curve or reaction curve and using two 
of its most important dimensions for 
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VALVE MOVEMENT predicting the controller sett 
SF iPS. the control results obtainabl« 
briefly review the method (1)* 
If, when a process is und 
/ control with the valve in exa 
J right position to satisfy the 
Ps demand and hold the instrumer 
the correct value, the valve is 
SLOPE=R from the dictates of the instrun 
suddenly moved to a different 
and held there, the new flow 
trolled medium will cause the 
draw a “Process Response Curvy 
sider the process of Fig. 2 in whic 
flows through a tank and is heat 
steam coil to a controlled temp 
Fig. 2. Temperature control process Knougah oan. flowing through 
ae ; partially open valve to maintzin 4, 
tank temperature at a constant valy 
Suddenly the valve is opened sligh; 
5 by making a sustained change of ,, 
AF *2PSi. psi on the diaphragm motor. Mo, 
steam flows to the heating coil and ti, 
water temperature rises; the control 
pen traces an S shaped curve as shoy 
in Fig. 2. This curve is the proceg 
response curve and is generally 
complex mathematically to allow ea; 
analysis. The approximation referre; 
to above consists in drawing a straigh 
line tangent to the point of inflectig, 
5-010 of the curve and saying that the proces 
idan is adequately represented by the sip 
pler curve consisting of a dead perio 
lag, L, and a “Reaction Rate”, R. Th 
fact that the actual process respons 



































TEMPERATURE 


UNIT RESPONSE 





CURVE S+=0.20 curve levels out eventually at a ney 
NWNy value (self-regulation) while th 

T straight line does not, is of very second 
20° «TIME ary importance in the control analysis 
and can be disregarded. Thus, it can be 

——__1 said that the process shown in Fig. 2 js 


Fig. 3. Effect of proportional sensitivity adjustment. chacterized by an effective dead perio 





lag of L minutes and that for a one ps 

change in pressure to the diaphragn 

motor the pen deviates at a maximun 
rate of R inches per minute. 

If, as shown in Fig. 2, the sloped 

line of the approximated Process Re- 

sponse Curve is dropped back until it 

intersects the temperature axis, the in- 

tercept is the product of R and L or the 

WATER 50°TO 140 distance which the pen travels in a tim 

+ ———— equal to L. This intercept is indicative 

of the controller sensitivity required for 

stable control. If the instrument is se 

— so that it gives a valve movement equa 

~ ° to AF for the pen movement of RL de 

STEAM SO INLET grees, stable control will result. In other 

100 PSIA words, the sensitivity will be equal t 

AF/RL. Putting numbers on these 

CONDENSING quantities, suppose that L was on 

PRESSURE minute, R was ten degrees per minut 

5 TO 10 PS! and that the valve change initiating 

Fig. 4. Effect of inlet temperatures. the response curve was one psi. The RL 

intercept would be ten degrees so the 

controller sensitivity would be set t 

give one psi change in output for each 

ten degrees of pen movement, or 0.1 ps 

per degree, 











LINEAR PROCESS 


Fig. 3 shows the Response Curve ap- 
proximation for the process of Fig. 2, 
' following one psi change in valve pos 
5 TO 50 G.P.M. tion. Dotted on the same figure is 4 
similar curve that would result from 4 

vam two psi change in valve position; | 

——— Wi ©) evidences the same lag, but twice th 
increase in steam flow causes the tem- 

perature to change twice as fast. The 
RL intercept of 20 degrees for a tw 








STEAM 
lOOPSIA 


| *Numbers in parentheses refer to simil: 
numbered references in bibliography at end © 


Fig. 5. Effect of inlet flow rates. paper. 
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sj change in valve position still indi- 
ates that the same controller sensi- 
sity of 0.1 psi per degree should be 


the Most processes evidence this type 





























nde Stable sec. ° ° <e A 
Xa ly 4, [le jinearity at least within limits. It is 
he roc, fienerally convenient to speak of a “Unit 
1€N' pen » Response Curve”, the one produced by 
is \ omen. e unit valve movement. Dividing the 
10 Ved i] . 
UD) nt an jEaprdinates of the dotted curve of Fig. 3 
ee, the two psi valve change makes it 
Ww fant incide with the solid line produced by 
“a nh, RS unit (1 psi) valve change. In the same 
ry Pr “@,anner, a 1/10 psi change in valve 
hic..." position could have been made, and the 
“| Wate Be cult multiplied by ten to produce the 
eatcd by EE me Unit Response Curve. This would 
np ratur I. @ much better method if the process 
Touch th fiivere non-linear. 
Intain th Many non-linear physical phenomena 
ant valy shave in a linear fashion when sub- 
d slight) ected to only small disturbances from 
Se of on n equilibrium condition. A process, for 
‘OY. Mor {iiexample, can be quite linear when sub- 
il and th {jected to small changes or increments 
controll, [ijn valve position from that required to 
as show upply the load and still be quite non- 
© proces fainear when subjected to large disturb- 
rally ty nees. The linear theory of control can 
llow eas; {pbviously be applied to a process of this 
referrej and the conclusions reached will 
2 straight filbe valid as long as no large disturbances 
inflectigy re encountered. We may then describe 
1€ proces {the incremental process behavior in 
the sin. rms of the incremental process charac- 
ad perio Miteristics. A common method of deter- 
”’, R. Th fgmining the incremental unit reaction 
respons ate is to make a tiny change up and 
it a ney fedown from the equilibrium value and 
‘ile the fMaverage the two unit reaction rates 
VY second- hus obtained. The incremental process 
analysis (egag would be similarly obtained. 
it can be Returning to Fig. 3, the Process Re- 
Fig. 2s (sponse Curve showed the required con- 
ad period (troller sensitivity to be 0.1 psi per de- 
a one ps [eugree. With a setting thus determined 
aphragn e recovery curve of the controlled 
naximum feeprocess would have adequate stability 
‘with an amplitude ratio of approxim- 
= slew ately 0.25. Increasing the controller 
inane ™ sensitivity to 0.2 would cause instability 
inti] 2 qeWhile reducing it to 0.05 psi per degree 
; “th ‘ _ would give excessive stability. 
L = the Now we are tooled up. It is quite 
n atime Mepossible that the process of Fig. 2 
sdicative ould be linear, and if a linear valve 
rired for Maen ere used, equal stability achieved un- 
nt is set MaMOee all operating conditions. In order 
owl ecrul to check it for linearity we need only 
RL de Meeplot @ Unit Response Curve at various 
“ athe oad conditions. If, as noted on Fig. 4, 
equal he only load change on the system was 
= thee i aused by varying inlet water temper- 
—- poe lature, the unit response curve at low 
er Joad (warm inlet) and high load (cold 
‘itiating inlet) would be identical provided that 
The RI he pressure drop over the steam valve 
yo the remained essentially constant. This 
ns % would be entirely true if the conden- 
or each Mestg Pressure in the coils were less than 
yt half the steam supply pressure at the 
-* PS Me high load condition. 
Under these conditions, since the unit 
response curves are identical, the linear 
k valve is ideal for the process and 
Ti a) @ would give equal stability at all loads 
eal between minimum and maximum. 
N ag Instead of variations of inlet water 
from a ee emperature, the major load change on 
ion: it ecu! Process might be changes in water 
ice the EUW 88 shown on Fig. 5. The volume of 
SS hom water and consequently the heat capac- 
t. The Weety Of the tank remains constant so a 
a two Meevem imerease in steam flow should 
)start to raise the temperature at the 
-_ Same rate regardless of water thru-put. 


Avain, the process is linear so that a 
lincar valve should be used. 


end 0 





Suppose that the water flow was 
essentially constant and the inlet tem- 
perature as well, but the major change 
in load was variation in the steam 
supply pressure between 25 and 100 psi. 
This is a load change since it requires a 
change in valve position if the water 
temperature is to be maintained con- 
stant. Referring to Fig. 6, it can be 
seen that the two unit response curves 
at maximum and minimum loads are 
no longer identical; at lower steam pres- 
sure, the reaction rate is lower giving 
a smaller RL intercept, and indicating 
that a higher controller sensitivity can 
be used at this load. 

It is easy to see why the unit response 
curves are different at each load condi- 
tion. If a unit increase in valve opening 
caused a ten degree per minute rise in 
tank temperature with the steam supply 
at 100 psia, the same increase in valve 
area with 50 psia steam should only 
change the steam flow half as much 








and result in only five degrees per 
minute rise of tank temperature. 

So our process, which was beautifully 
linear before, has become non-linear, 
and the evidence indicates that the 
reason is somehow connected with the 
type of load change. When the steam 
pressure was constant so that each posi- 
tion of the valve called for a definite 
flow of steam, the process as a whole 
was linear in spite of large load changes 
at other points in the process. But as 
soon as different valve openings were 
required to pass the same quantity of 
steam an ugly non-linearity confronted 
us. At least we have unearthed one clue 
to the problem of process non-linearity; 
the sketch of our process as shown in 
Fig. 2 tells us nothing about process 
linearity or lack of it. We must consider 
the relative magnitude of the various 
load changes which can afflict the 
process. 

The process of Fig. 6 can be made 
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Fig. 7. Effect of pressure drop across an equal percentage control valve. 
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Fig. 8. Effect of inlet temperature with equal percentage valve. 
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linear with respect to load by substitut- 
ing an “equal percentage” valve for the 
linear one, as shown on Fig. 7. If a unit 
lift gives a ten degree per minute change 
in tank temperature when the steam 
pressure is 100 psia, it should produce 
the same rate of rise when the steam 
pressure is 25 psia because the open 
area of the valve is four times as great 
and the disc is so shaped that the same 
unit lift makes four times the change in 
area. The valve derives its name from 
this “equal percentage characteristic”; 
a given lift at any opening increases 
the area a fixed proportion of the exist- 
ing area. 


LINEAR Process WITH NON-LINEAR 
VALVE 


Now we are in a position to see the 
mistake of using “equal percentage” 
valves willy-nilly on all processes with- 
out regard for the linearity or lack of 
it which the process exhibits. In Fig. 8 
we see the effect of using an equal per- 
centage valve on the process of Fig. 4 
where the major load change was due 
to variation in temperature of the feed 
water from 50 to 140 degrees. This 
represents a 10 to 1 change in load if 
the water is heated to 150 degrees as 
shown. 

It is easy to see that the controller 
sensitivity would be determined at the 
high load condition, that is, with 50 
degrees feed temperature calling for a 
jarge valve opening, since this response 
curve would have the largest RL inter- 
cept under these conditions. At lower 
loads, the process is still linear, but a 
unit change in valve position does not 
make nearly as much change in steam 
flow due to the shape of the equal per- 
centage disc. The control stability would 
therefore increase with decreasing load 
until at minimum load with 140 degrees 
feed water it would be ten times as 
stable as necessary. In other words, the 
control would be only one-tenth as good 
as it should be at this load. Under no 
circumstances should an equal percent- 
age valve be used on the process when 
the load changes are those given in 
Figs. 4 and 5, because such a valve 
would change a nice linear process into 
a very non-linear one. 


Two TYPES OF LOAD CHANGE ON THE 
SAME PROCESS 


It should be interesting to attempt to 
linearize a process having two sources 
of load change, one calling for a linear 
valve and one for an equal percentage 
valve. The process shown on Fig. 9 is 
subjected to a feed water temperature 
change from 110° to 140° making a 
four to one load change with the outlet 
temperature at 150° and calling for a 
linear valve. The steam supply pressure 
also changes from 25 to 100 psia, mak- 
ing a four to one load change calling 
for an equal percentage valve. The ad- 
joining response curves clearly show 
that the linear valve is correct for any 
feed temperature as long as the maxi- 
mum steam pressure is arnlied, but 
that it allows excess stability at lower 
steam pressure. The equal percentage 
valve keeps a constant stability for 
changing steam pressure as long as the 
feed water load is at a maximum, but the 
stability becomes excessive at higher 
feed temperatures. Each valve is equally 
bad when it attempts to correct for the 
wrong process non-linearity. It might 
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appear that a valve characteristic could 
be devised which would linearize the 
system completely, but this is not the 
case. When more than one type of load 
change occurs in the same process, there 
is no ideal solution, and the choice of 
valve characteristics must be a com- 
promise. In the above example where 
both load changes are of equal magni- 
tude, either valve could be used and the 
only reason for choosing one type over 
the other would be on a basis of mechan- 
ical or structural characteristics, or 
possibly on availability. 

Often, in situations such as this, 
when two types of load changes are en- 
ccuntered in the same process, the load 
changes are of widely different orders 
of magnitude and the valve is selected 
that has the characteristics which will 
linearize the major load change. For 
example, if all the load changes so far 
considered came into the process, that is, 
feed water flow from 5 to 50 gpm. ata 
temperature between 50° and 140° and 
steam pressure variation between 25 
and 100 psia, the choice would be easy. 
A linear valve should be used because 
the water flow and temperature changes 
together amount to a load change of 
100 to 1 and call for a linear valve, 
while the steam pressure range is only 
four to one in favor of the equal per- 
centage valve. It would be a mistake to 
leave this example without pointing out 
that the addition of a steam pressure 
reducing valve, set for 25 psia, placed 
ahead of the linear control valve would 
eliminate the source of the non-linear 
load change on the process and perfect 
linearity would result as in Figs. 4 
and 5. 


MISCELLANEOUS NON-LINEARITIES 


Some processes exhibit non-linearities 
of a more complex nature than the ones 
considered above (4). One of these is line 
drop. If, in the process which we have 
been using as an example, the only load 
change was one calling for a linear 
valve and the steam pressure was con- 
stant, but there was a long line between 
the source of constant pressure and the 


WATER TEMPERATURE 
110°TO 140°CONSTANT 


_— 


0) 


contro] valve so that when the 
flow to the process was high, s 
the pressure drop shifted to the 
non-linearity would exist. At ze 
the control valve takes the enti: 
sure drop, but as it opens wid 
supply pressure at the valve dr. 

A quick glance at the problem 
produce the conclusion that an 
percentage valve would correct f 
non-linearity, but this is not th 
Peters (5) has explored this p 
and shows that each individual] c: 
quires its own solution. We have a 
noted that it is usually unecon 
to try and develop valves with 
characteristics for isolated non-! ne 
ities. Generally, time spent on si 
endeavor could better be used 
ploring the process for possible 
tion in time lag or elimination of 
of the load changes (6). The best 
tion to the “line drop” problem is t. 
crease the line by one or two pipx 
so that the valve takes practically 4) 
of the pressure drop, or install a 
sure reducing valve ahead of the cop. 
trol valve. 

A similar non-linearity would appea 
in our process if the pressure drop ove; 
the control valve were less than critica], 
that is, the condensing pressure in th 
heating coil greater than half the up. 
stream absolute pressure. In previous 
examples we have assumed a low co 
densing pressure relative to the steam 
supply ahead of the valve so that 
changes in condensing pressure mac 
no difference in the steam flow thru 
the valve at a given opening. If, on the 
process, the load changes called for a 
linear valve and the steam supply pres. 
sure was constant, but the condensing 
pressure could approach the suppl: 
pressure at high loads, excessive stabil- 
ity would be evidenced at high loads 
since a lower pressure drop would exist 
over the control valve. This non-linear- 
ity could be reduced if the valve wer 
made to open more for a given increas 
in lift at large openings and this woul: 
appear to call for an equal percentag: 
valve at first glance. But, careful co: 
sideration shows that each such cas 
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Fig. 9. Comparison of equal percentage and linear valve. 
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ould be a special one, since the rela- 
onship between condensing pressure 
d steam flow would not be matched 
y an equal percentage valve. It is prob- 
bly better to use a linear valve if it is 
lied for by the major process load 
ange and reduce the non-linearity by 
creasing the heating surface of the 
eam supply pressure so as to main- 
,in a fairly uniform pressure drop 
ver the control valve. 







EXAMPLES 


In the process which we have thus 
ar used as an example it appears that 
Hhe equal percentage valve should be 
sed only when the major process load 
hange consists of variation in steam 
upply pressure. In order to formulate 
more general rule governing the ap- 
lication of these valves, let us consider 
few other processes. 
Fig. 10 shows a gas fired oil heater, 
he object being to maintain a constant 
yutlet oil temperature by operating a 
Salve in a fuel gas line to the burners. 
Some of the possible load changes on 
he system would call for a linear con- 
rol valve; some for an equal percentage 
valve. Changes in oil flow, its incoming 
emperature, its outlet temperature and 
ts heat capacity would call for a linear 
valve. Similarly, variations in heat loss 
rom the furnace due to the surround- 
ing air temperature would be more or 
ess linear as well as variations in the 
ondition of the heating surface calling 
or higher fire side potentials as the 
coefficient of heat transfer decreased. 
Variations in supply pressure of the 
Muel gas would call for an equal per- 
entage valve as well as changes in the 
alorific value of the gas. This last point 
ndicates that our rule regarding non- 
Jinear load changes calling for equal 
percentage valves can be extended be- 
"yond mere supply pressure changes to 
include any change which alters “the 
quantity of priceless ingredient (in this 
ase BTU) which the control valve 
"passes at a given opening”’. 
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FUEL GAS OIL 
Fig. 10. Gas-fired oil heater. 
CONDENSER 
ABSOLUTE 
PRESSURE 
CONTROLLER 
STEAM EVAPORATOR 
Fig. 11. Absolute pressure control. 


A parallel example to the one above 
is shown in Fig. 11. In this case the con- 
trolled medium is water to a condenser 
so that any change in cooling ability of 
the valve, change in supply water tem- 
perature or change in the pressure drop 
over the valve, would call for an equal 
percentage valve while changes in the 
flow of vapor to be condensed would 
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12. Flow control. 


call for linear characteristics. The major 
load change is generally the linear one 
on this application. 

Another typical application, liquid 
flow control, is diagrammed in Fig. 12. 
Historically, this was probably the appli- 
cation under consideration when equal 
percentage valves were first designed 
because about the only load change that 
can possibly affect this process is varia- 
tion in the pressure drop over the valve, 
at least when the required value of flow 
is constant. 

The unit response curves under case 
1 and case 2 of Fig. 12 show the effect 
of a four to one change in the pressure 
drop over the control valve which, due 
to the square root relationship of flow 
to pressure drop, is equivalent to a two 
to one change in load, i.e. valve area. 
The equal percentage valve gives the 
same stability under both load condi- 
tions and should be used in place of the 
linear valve, which would give twice the 
stability under the low pressure drop 
condition. 

If, however, the pressure drop over 
the valve remained essentially constant, 
but the desired flow changed by a fac- 
tor of two to one, a different type of 
load change is introduced. Since the flow 
meter responds linearly to pressure drop 
over the orifice plate which varies as 
the square of the flow, a viven flow 
change at one hundred gallons per 
minute produces only one-half as much 
pen movement as the same flow change 
at 200 gpm. Comparing the behavior of 
the linear valve under the case 1 and 
case 3 conditions shows a two to one 
increase in stability at the low flow. 
The equal percentage valve working at 
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half the original opening makes only 
half as much flow change for an in- 
crement of lift and produces a four to 
one increase in stability at low flow. 
The same comparison exists between 
cases two and four at the lower pres- 
sure drop. 

This indicates that, on flow control, 
the equal percentage valve is to be pre- 
ferred if the major load change is in the 
pressure drop over the control valve 
rather than changing flow requirements. 
On the other hand, a linear valve is 
indicated if the set point is changed 
materially, but the pressure drop is 
reasonably constant. In this connection, 
note that a considerable change in pres- 
sure drop may not constitute much of 
a load change since the flow only 
changes as the square root of the pres- 
sure drop over the valve. A two to one 
change in pressure drop is only equiva- 
lent to a 1.4 to 1 load change. Generally, 
load changes of less than two to one do 
not warrant consideration of valve type. 

It should be noted in connection with 
the flow control dilemma that there is 
again no ideal solution to the problem if 
both the pressure drop and the required 
flow change. Use of a linear type flow 
meter in which the pen movement is 
proportional to flow instead of differen- 
tial pressure over the orifice, makes the 
circuit linear for changing flows when 
a linear valve is used. Under these cir- 
cumstances, the equal percentage valve 
is wrong in that it gives more stability 
at low flow conditions. 

It can be seen from the above flow 
control example that the use of equal 
percentage valves does not necessarily 
guarantee equal stability under all con- 
ditions even though the major load 
change calls for these characteristics. 
The only sure way to check process non- 
linearity is to plot unit response curves 
for each of the conditions under which 
the process must operate. Still, the 
“Priceless Ingredient” rule is a good 
criterion for the load changes calling 
for equal percentage control valve char- 
acteristics and is worth re-stating. 

“Use of an equal percentage valve on 
a process is indicated if the major load 
change on the process is one which 
alters the quantity of priceless ingre- 
dient which the control valve passes at 
a given opening”. 


THE PRACTICAL SIDE 


So far, this paper has attempted to 
show the reason for considering valve 
characteristics and to clearly distinguish 
between the process load changes call- 
ing for equal percentage valves and 
those on which linear valves are most 
desirable. Sometimes considerations 
other than those of linearizing a pro- 
cess weigh more heavily in the final 
choice of a control valve; it will be 
necessary to note some of these before 
we are able to select the best valve for 
a given job. 

Mechanically, the linear bevelled disc 
valve has quite a few advantages over 
the various equal percentage valves. 
Structurally, it is simpler, requires less 
machining and is generally somewhat 
less expensive than other tynes. It is 
more symmetrical] in its construction 
than the V notched types and conse- 
quently seems to resist localized erosion 
of the seats and discs which annvears in 
the latter type due to the flow streams 
being concentrated bv the notches. The 
“ratio plug” valve, the only equal per- 
centage type which maintains those 
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characteristics between fairly wide 
limits, has a distinct weakness in the 
close clearances and low closing angle 
and should only be used to regulate flow 
of controlled mediums which do not de- 
posit scale or carry suspended solids. 
A slight scale deposit or solid particles 
caught between the seat and plug can 
jam the valve as it closes. Even the V 
notch and modified ratio (parabolic) 
plug valves should be used with caution 
if solids are present in the controlled 
medium. 

Another advantage of bevelled disc 
valves over other types is that less lift is 
required than on ported and plug types 
of the same size. This often allows the 
use of smaller diaphragm motors and 
this, coupled with the smaller stroke, 
results in a valve which can be moved 
from one opening to another more rapid- 
ly with a given instrument relay valve 
capacity. This reduction in valve lag 
can materially improve those processes 
in which valve lag plays an important 
part such as many level control, pres- 
sure control and flow control applica- 
tions and simple “mixing type” tem- 
perature control circuits. The use of 
smaller diaphragm motors and shorter 
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Fig. 13. Valve characteristics. 


lifts can be a disadvantage if equal 
valve friction is present as it can cause 
greater frictional dead spots to be pres- 
ent in the control circuit than if longer 
lifts and more powerful motors were 
used. However, on any control applica- 
tion, difficult enough and important 
enough to warrant consideration of 
valve characteristics, a valve positioner 
should be used for elimination of the 
frictional effect. 

Actual experimental curves of flow 
versus lift for equal percentage valves 
show considerable deviation from the 
theoretical characteristic (4). This is 
not surprising in view of the extremely 
small machining tolerances that are 
required to hold the equal percentage 
characteristics down to small values of 
flow. The smaller the valve, the more 
difficult it becomes to maintain the de- 
sired curve at small onenings. On large 
valves, six inches and over, it is con- 
ceivable that fair adherence to the equal 
percentage curve could be obtained 
down to perhaps 5% of maximum flow; 
15% would be a realistic figure for 
valves of one inch size and smaller. Be- 
low these values the clearance between 
plug and seat ring is too small for good 
mechanical operation of the valve so 
the plug is relieved to maintain a rea- 





dicating, 


100 























DISC ical and | 
erated fr 
»nstructio1 
i use, Mr 
roblems a 
he design 
oro pc I 
rinciple of 
onic and 
strument 
nents Was 
The spea 
f the us 
dustry. F 
quipment 
ave reaso 
quipment 
pointing oO 
instrument 
oday are | 
his led t 
instrument 
ations me 





change in flow for every valve move 
ment. It should be noted that unlike 
valve friction, this discontinuity can- 
not be eliminated by a valve positioner. 

The clearance flow discontinuity puts 
a very severe sizing limitation on equa! 
percentage valves because they shoul 
only be called upon to control at higher 
flows. In applying these valves to pro 
cesses having a wide range of loads 
it is necessary to size them very care 
fully to insure that they always operate 
at openings above the discontinuity. By 
reference to Fig. 13 it can be seen that 
at best these valves are only good over 
a twelve to one change in load and if 
some allowance is made for the fact 
that it is bad practice as well as next 
to impossible to size a valve so that tt 
just carries maximum load at full onen- 
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ing, a reasonable usefulness of thestiBwin be pr 
valves might be taken as an eight toMmittee anc 
one range of load. Possibly fifteen to ~ oes s 
one on large valves but nearer five ‘ 
one on small valves. The bevelled dist 
obviously has no discontinuity in 1 
° The St. 
flow lift curve. PR atid 
Many control applications are 0' Biggs ot 1 
subjected to severe or wide |0a(@@fhis was 
changes; sometimes this is due to themms ae 
fact that the equipment under contro Biocon - 
will simply not operate at widely differ Mlaborator 





loads. For example, the tolerable 
nits between Maximum and minimum 
nor velocity in a sieve plate fraction- 
ing column are seldom much over two 
4 dill one. Below half the maximum veloc- 
<TI8t liquid falls thru the plates. In- 
‘vig asing use of automatic control in in- 
‘angilitry tends to make each control job 
valley, With practically all variables 
‘tl trolled on a fractionating column, 
“Si ds may not vary over ten percent 
her way on most of the control cir- 
‘ts. On those many processes which 
An not have a range of load greater 
‘hOWian two to one, it is scarcely worth 
nsidering valve characteristics at all 
ce the non-linearity introduced by 
ing the wrong valve will not have a 
ticeable effect on the control results. 
Likewise, there is little reason to 
msider valve characteristics on appli- 
tions involving low reaction rates 
ich will operate in high values of 
ntroller sensitivity. These include 
mperature control of large liquid 
umes, most level control and many 
essure control apnlications. On these 
sy circuits the pen deviations are 
pnerally so small that time spent in 
alyzing for process linearity is not 
paid by appreciable improvement in 
pntrol performance. There is no defin- 
border line of controller sensitivity 
elow which consideration of valve char- 
teristics is justified, the easier the 
bin this respect the less need for using 

e type over another. 
By the same reasoning, applications 
npvolving short lags even though reac- 
\{fon rates are high, will have a short 
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(Continued from page 7 
speaker first described 
arious electronic ‘nstruments available 
n the market. The several DC and AC 
dicating, recording and controlling elec- 
rical and electronic instruments were nu- 
rated from the standpoint of type of 
onstruction, basis of operation and intend- 
i use. Mr, Howe pointed out the various 
roblems and questions to be satisfied in 
he design and development of the Fox- 
oro DC Dynalog which operates on the 
rinciple of variable capacitance. The elec- 
ronic and mechanical advantages of this 
strument over other self-balancing instru- 
nents was also pointed out. 

The speaker continued with a discussion 
f the uses of electronic instruments in 
dustry. He compared the use of electronic 
quipment with pneumatic instruments and 
ave reasons why he considered electronic 
in certain instances, 
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yuldeauipment superior 
her pointing out that most of the electronic 
~ Minstruments installed in industrial plants 


T0-MModay are used for measuring temperature. 
adsMthis led to a discussion of why electronic 
yo. aenstruments were chosen for specific ann'i- 
', fations mentioned by members of the audil- 
nce, 
Mr. Howe concluded his talk by describ- 
ng specific instruments and applications 
n reply to questions asked by members 
of the group. The business meeting included 
| ntroduction of visitors and guests and a 
actemescussion of a revision of the constitution 
hich was voted upon, The next meeting, 
ecember 14, will feature a talk on “pH 
measurement and Control” by Dr. E. D. 
aller of National Technical Laboratories, 
Pasadena, California. A slate of officers 
will be presented by the nomination com- 
nittee and nominations will be made from 
he floor at the meeting in preparation for 
he January election of officers. 
—Charles W. Covey, 


ext 


Corr. 


SAINT LOUIS 
The St. Louis Section ISA held its reg- 
y@euar meeting on Thursday, December 2, 
$48, at the Engineers’ Club in St. Louis. 


A0MeThis was a joint meeting with the St. 


hefm-Ouis Engineers’ Club and the Institute of 
Radio Engineers, and was addressed by Dr. 
Joseph A. Becker 
Laboratories, 


of the Bell Telephone 





period of oscillation. The sensitivity 
may be low, but the short period with 
its accompanying high automatic reset 
rate insure quick recovery of the pro- 
cess following a load change. On these 
easy processes which include mostly 
pressure, flow and level control, and 
those temperature applications in which 
two streams at different temperatures 
are mixed, the control results are gen- 
erally so good due to the inherent quick 
recovery that there is little point in 
worrying about valve characteristics. 
If the thoughts brought out in this 
paper are set down in a logical order 
they form a simple guide for quickly 
determining the most desirable control 
valve for a given application. 
A. DON’T BOTHER TO CONSIDER VALVE 
CHARACTERISTICS IF: 
1. The controller sensitivity will be 
high, or 
2. The period of oscillation will be 
short, or 
3. The maximum range of load is less 
than two to one. 


B. Don’T CONSIDER THE USE OF AN 
EQUAL PERCENTAGE VALVE IF: 

4. The controlled medium carries 
solid particles or will deposit scale, 
or, 

5. The maximum range of loads is 
greater than about eight to one, 
or, 

6. The major load change calls for a 
linear valve, or, 

7. The valve lag accounts for most of 
the effective process lag. 
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talk was titled “Recent 
Semi-Conductors and 
sistor.” Dr, Becker described 
ments leading to the development of this 
device, which consists of a crystal of a 
se:ni-conductor, mounted in a small cap- 
sule about ™% inch long, upon the surface 
of which are two “cat-whisker” contacts, 
spaced a few thousandths of an inch 
apart. One of these connections is called 
the “emitter” and the other the “collector.” 
When a signal is applied between the base 
(to which the crystal is grounded) and the 
emitter, an output voltage 20 times larger 
may be obtained in the output circuit of 
the collector. Thus the device may be used 
as an amplifier component, replacing the 
vacuum tube. It may also be used as an 
oscillator. The power output, however, is 
much smaller than that available with 
vacuum tupes, being of the magnitude of 
milliwatts, 

Dr. Becker demonstrated the device by 
means of a radio set using only Transist- 
ors, also a public address amplifier em- 
ploying them, Also demonstrated was a 
“Thermistor” which changed resistance 
with temperuture so that a glow lamp 
was lighted by holding a match to the de- 
vice, and extinguished by blowing on it. 
A semi-conductor coated on a wire was 
used to demonstrate the negative change 
of resistance with temperature change. An 
oscillator was demonstrated, with which 
musical tones were produced by depressing 
buttons. The twe element device (diode) 
was used as the detector in the radio set, 


as it is very efficient as a rectifier. Ab- 
sence of heat-up time was illustrated. 
Henry E. Zeffren, Corr. 
WASHINGTON 
The December 20th meeting was held in 
the auditorium of the Potomac Electric 


Hadady of the Ameri- 
of Silver Spring, Md., 


Power Co. Mr, R. E. 
can Instrument Co., 
spoke cn “General Instrumentation Met 
ods for Moisture Measurements,” Mr 


h- 
C. 
E. Ohlheiser of the American Instrument 


Co., spoke on “The Aminco-Dunmore Elec- 
tric Hyprometer and its Application” and 
Mr. H. K. Howerton of the American In- 


strument Co., spoke on “The Aminco- 


C, CONSIDER THE USE OF 

PERCENTAGE VALVE IF: 

8. The major load change calls for 

an Equal Percentage valve and 

none of the conditions under B 
apply. 


AN EQUAL 


This paper has attempted to point 
out that some automatic control circuits 
can be made more linear by the use of 
non-linear valves, but that careless ap- 
plication of such valves can do more 
harm than good from the standpoint of 
control results. It is hoped that the 
paper will clear away some of the mys- 
tery and half truths that have always 
surrounded the subject of valve char- 
acteristics and lead to more rational 
selection of valves for controlled pro- 
cesses. 
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Weaver Water Vapor Indicator and Some 

New Uses."’ Both slides and demonstration 

equipment were used effectively, and a 

large amount of interesting and worth while 


information was presented, 

The yearly business meeting 
prior to the presentation of 
speakers. The results of the 
officers were given and the 
were presented 

Mr, O. E, Patton becomes President, suc- 
ceeding Mr. W. A. Wildhack. Mr. R. G 
Quick becomes First Vice-President, su 
ceeding Mr. V. E, Patton. Mr. R. E, 
tower becomes Second Vice-President, suc 
ceeding Mr. E. L. Deeter, who has taken 
a position with the University of California 
at Albuquerque, New Mexico, Mr. R. L 
Goetzenberger retains the position of Na 
tional Delegate, and Mr. Edwin G. Brown 
becomes Corresponding Secretary, succed 
ing Mr. G. M. Rolls, 


taymond FE. 


was held 
the three 
election of 
new officers 


Miller, Corr 
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Forward your letter to INSTRUMENT 
SOCIETY OF AMERICA, 1117 Wolfen- 
dale St., Pittsburgh 12, Pa. 


ELECTRONIC ENGINEER (two) by Oak Ridge 
National Laboratory for electronic design and de- 
velopment. Should be familiar with wide band 
amplifiers and pulse techniques with a minimum 
of six years extensive original electronic design 
experience. Location Oak Ridge, Tenn. Box 211 


AIRCRAFT INSTRUMENT MECHANICS, ex 
perience in gyro, electric or pressure instruments 
Give qualifications and references in first letter 
Location Wyoming. Box 212 


INSTRUMENT SALES ENGINEER. Opening for 
man with mechanical and electronic engineering 
background with sales experience and aptitude. 
Work with research type instruments with some 
industrial applications. Position involves technical 
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SECTION SECRETARIES AND MEETING DATA 
Telephone aie? _ Date — Dinner _ i 


Akron: Fred Appel, 932 Columbia Ct., Barberton, Ohio. : ret 

Aruba: M. R. Holly, P. O. Box 389, c/o Lago Oil & Transport Co., Ltd., : peas ik me 
Aruba, N.W.I. 

Atlanta: Emory W. Clark, P. O. 819, Atlanta, Ga. 

Baltimore: Felix Cox, Bethlehem Steel Co., Sparrows Point, Md. 


Boston: C. J. Nazzaro, 456 Central Avenue, Milton 87, Mass. 
California: D. D. Taylor, 234 E. Colorado, Pasadena 1, Calif. 























Central Illinois: T. A. Carroll, 721 Hurlburt St., Peoria, Ill. 


Central Indiana : M. Underwood, 1235 W. 33rd St., Indianapolis, ‘Ind. 
Charleston: Albert H. Hix, 1529 B Dixie St., Charleston 1. W. Va. 


Chicago : Floyd E. Erstman, 506 §. Wabash Avenue, Rm. 611, Chicago 5, Ill. 














Cincinnati: Smith Hickenlooper, 1147 Beverly Hills Dr., Cincinnati, Ohio. 











Cleveland: L. W. Waldrip, 3030 Euclid Ave., Cleveland, Ohio. 
Cumberland: Clyde Babst, P. O. Box 447, Cumberland, Md. Tues. after 4 Mon. _ 
Detroit: T. S. Cawthorne, 570 Maccabees Bidg., Detroit 2, Mich. | 3 Tues. ( 
Eastern New York: Wm. J. Clafie, Winthrop Chemical Co., 33 Riverside ceed 

Ave., Rensselaer, N. Y. 
Gulf Coast: A. E. Bunn, 2237 North Street, Beaumont, Texas. : 
Houston: E. E. Kleir, 2510 S. Blvd., Houston 6, Texas. 




















1 Tues. 
3 Tues. 
ok _ Last Mon. 

















Inyokern, China Lake, Calif: H. A. Van Dyke, (Pres. Pro Tem), P. O. 
Box 277, Inyokern, China Lake, Calif. 


Kansas City: W. J. Blackburn, 1621 E. 31st St., Kansas City, Mo. ip Last Tues. 
Louisville: Paul B. Smith, 3016 Beaumont Road, Lousville, Ky. Last Tues. 
Montreal: F. S. McCarthy, Canadian Industries, Ltd., Box 10, Montreal, nee 

Quebec, Canada. 
New Jersey: W. D. Archibald, 605 Westminster Ave., Elizabeth 3, N. J. . 1 Tues. 
New Orleans: W. H. Haney, 2927 Music Avenue, New Orleans, La. , No Regular Date 
New York: C. E. Haggerty, 7552 18ist St., Flushing, L. I., N. Y. a Last Mon. , 
Niagara Frontier: K. J. Fees, 669 Ashland Avenue, Niagara Falls, N. Y. bs 4 Mon. ‘ :00 205 
Northern Indiana: C. P. Haynes, 935 177th Place, Hammond, Indiana. 3 Wed. & 
Oak Ridge: John H. Clark, 138 Ciayton Hall, Oak Ridge, Tenn. ; 1 Wed. sent on re 
Ontario: A. J. Legault, Bristol Co. of Canada, Ltd., Toronto, Ontario, iia 

: ur. 


Canada. 
Philadelphia: C. W. Wood, 6908 Market St., Upper Darby, Pa. 3 Wed. 


Pictsburgh: L. M. Susary, c/o Carnegie Institute, 4400 Forbes St., Pitts- 

burgh 13, Pa. 4 Mon. 
Presque Isle: R. P. Marshall, 161 W. Main St., North East, Penna. 4 Tues. 
Richland: R. S. Hammond, 402 Abbott, Richland, Washington. 2 Wed. 
Rochester: R. C. Swartz, Jr., 1201 Granite Bldg., Rochester 4, New York. 3 Tues. 
St. Louis: W. G. Lee, 4710 Delor St., Se. Louis 16, Mo. 1 Wed. 
Sarnia: C. G. Elder, 323 Maria St., Sarnia, Ont., Canaaa. 2nd & 4th Fri. 
South Bend: Charles E. Williams, 921 Lawndale Avenue, South Bend, Ind. 1 Thur. 
South Michigan: Homer Kuiper, 2517 Hillsdale, Kalamazoo, Mich. 2 Wed. 
South Texas: H. C. Givens, La Gloria Corp., P. O. 637 Falfurrias, 

Texas. 
Tennessee: L. W. Thayer, 1229 Bristol Highway, Kingsport, Tenn. 
Tulsa: C. R. Horton, 8211 E. 7th, Tulsa, Oklahoma. 
Twin Cities: Ray Hooper, International Div. Minneapolis-Honeywell Reg. 

Co., 2753 Fourth Ave., Minneapolis 8, Minn. 4 Tues. 
Washington: Edwin G. Brown, c/o American Instrument Co., 8010-20 

Georgia Avenue, Silver Spring, Md. 3 Mon. de 
Wayne County: R. L. Swenson, 1569 13th St., Wyandotte, Michigan. ‘=a 
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No Definite Night 
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correspondence, application work, some traveling. industrial plants and all types of two-pipe heat- 
ing systems. Drawing account against commis- 


Location Cleveland, O. Box 214. f t : 
ee sions. Car necessary. Mechanical, chemical or in- 


° dustrial engineer, 25 to 35, preferred but not REMEMBER 


SENIOR ELECTRONIC ENGINEER for design, Dligatory. Box 215. 
development, supervision. Long term research and 
manufacturing expansion program. Interesting SPRING MEETING 


work, excellent salary. Housing available. Loca- 


tion Virginia. Box 213. ROYAL YORK HOTEL 


EXPERIENCED HELP WANTED: 
TORONTO, CANADA 


pen pr ses votes or ‘one ‘on —. Aircraft instrument me- ne ‘ 
ladunrial lanremiacstion. Previews dacign expe. | cnanics experienced in oo a 
ou sisuth Aqui ax gooey eussbiones a? gyro, electric, or pressure 
personal background, education and experience in | instruments. Request qual- 
Shasensaeeliee cone Aisle dea Gaetano ifications and references ANNUAL MEETING 


om a preceding interview. MUNICIPAL AUDITORIUM 








INSTRUMENT SALES ENGINEER. Leading firm ideal Laboratory Tool & Supply Co. ST. LOUIS, MO. 


of exclusive manufacturers representatives in New 

York territory has opening for Northern New Box 89! 
Jersey. Products handled are pressure, tempera- Cheyenne, Wyo 
cure and level control equipment, flow indicators y » Wyo. 
and a superior design of convector radiators for 


SEPTEMBER 12 - 16 
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ACCURATE READINGS ON 


@ Drafts 
@ Air Velocities 
@ Slight Pressure Changes 








No. 102 (2”) 
3 Inclined Gage 











pa 
: DWYER Inclined Tube Gages are precision-made 
‘ and easily operated. Continuous indications 
j and fluctuations can be observed while adjust- 
H ments are in progress. Body is solid, clear, 
DWYER Bulletin unbreakable plastic—scale is highly visible, 
: 205 


% 
|) sent on request 


; 
i 


graduated to .01”. Micrometer adjusting screw 
for easy, accurate leveling. 


ft. W. Dwyer Mfg. Co. 


; 05 S. Western Ave. 





Chicago 12, Ill. 


DESIGNED for INDUSTRIAL APPLICATIONS 


-— @ COMPLETE STANDARD LINE AVAILABLE 
@ SYSTEMS FOR SPECIAL REQUIREMENTS 


Ss Any number of related elec- 

if trically-actuated operations may 

iki be simply and accurately con- 

ke trolled by ATC Timers for both 

ie sequence and duration. Circuits 
N 








can be any number —from one to 
thousands —either consecutive or 
overlapping. Thousands of ATC 
- Timers now installed on indus- 
: trial machines and processes 
guarantee maximum production 
and uniformity by eliminating 
errors due to manual attention. 
Write for catalog data today. 


& ty 


TIMERS: STANDARD LINE AND SPECIAL 


AUTOMATIC TEMPERATURE CONTROL CO., INC. 


5212 PULASKI AVENUE * PHILADELPHIA 44, PA. 
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Let Eclipse-Pioneer 
Remote Torque Amplifier 
Systems Do the Work... 


Eclipse-Pioneer, foremost producers 
of Remote Indicating and Control 
Systems for aviation, have now 
developed similar systems for indus- 
trial applications. Basically, they are 
a means of translating a minute 
motivating force such as: motions of 
pressure, temperature, or moisture- 
sensitive elements into a_ predeter- 
mined type of work such as remote 
indication, or remote control of a 
function. Our engineers are available 
to help you save time, save space and 
save money with Eclipse-Pioneer 
Remote Torque Amplification Systems. 


“REG. U.S. PAT. OFF 


..» They’re as 
simple as 









TORQUE 
UNIT 


AMPLIFIER 





ECLIPSE-PIONEER DIVISION of =a 


TETERBORO, NEW JERSEY 
Export Sales: Bendix International Division, 72 Fifth Avenue, New York 11, N. Y. 


AVIATION CORPORATION 
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Wee btea-Wehatea-S a 
New Literature 


In this department we report new literature pertaining to Instrumentation, received from the 
manufacturers, We urge readers to request ONLY those bulletins which will be of value to 
them. Use the Postage-free Order Card on Page 91. 





R-1 LEAK DETECTOR. 2-page bulletin de- 
scribes and illustrates maker's ‘‘Type for 
detecting presence of halogen vapors, and rapidly 
locating extremely small leaks in pressure sys- 
tems. Applications, features, description, specifi- 
cations, etc., are covered.—Apparatus Dep’t, Gen- 
eral Electric Co., Schenectady, N. Y 


R-2 ELECTRON DIFFRACTION INSTRU- 
MENT. 4-page bulletin describes and illustrates 
maker's research instrument for aid in observing 
condition of surfaces, or thin layers of material 
such as metals, ceramics, and plastics. Listed are: 
advantages, applications, operation, specifications. 
Ot Dep't, General Electric Co., Schenec- 
taay iN. 


R-3 TAPE-RECORDING MECHANICAL 
Cou INTER. 4-page bulletin pictures and describes 
maker's ‘Scientific Counter’’ developed for indus- 
trial and scientific applications. Features are listed. 
~—~Streeter-Amet Co., Chicago, Il. 


R-4 DIRECT-READING COLOR TEMPER- 
ATURE METER. 1-page reprint from Los Angeles 
Daily News pictures and describes maker’s 
““Spectra’’ color temperature meter for determin- 
ing exact light color in photography. Features and 
operation are discussed.—Photo Research Corp., 
15024 Devonshire St., San Fernando, Calif. 


R-5 ELECTRICAL PRESSURE TRANSMIT- 
TERS. 2-page bulletin pictures and discusses 
maker's ‘“Teledyne’’ pressure transmitter designed 
to measure hydraulic and gas pressures in ranges 
from 0-100 to 0-5000 psi. Features and principle 
of operation are covered.—Engineering Physics 
at Frederic Flader, Inc., North Tonawanda, 


R-6 TEMPERATURE CONTROLLERS. 4- 
page bulletin pictures and describes maker's 
temperature controllers for industrial heating 
processes. Features, application data, model speci- 
fications, etc., are discussed.—Claud S. Gordon 
Co., 3000 §. Wallace St., Chicago, Ill. 


SWITCH CATALOG. 24-page catalog 
describes maker’s complete line of Bakelite-en- 
closed, and o blade switches. Included in 
catalog are switches especially designed for coin 
operation, and also, maker states, the thinnest 
switch made.—Acro Electric Co., 13th and Su- 
perior, Cleveland 14, Ohio. 


R-8 AIRCRAFT TEMPERATURE INSTRU- 
MENTS. 8-page bulletin describes and illustrates 
maker's various instruments produced for measur- 
ing temperature electrically in aircraft. Included 
are: ratiometer type resistance thermometers; ther- 
mocouple types; thermometer tester for testing air- 
craft temperature; thermocouples; pyrometer po- 
tentiometers.—Lewis Engineering Co., Naugatuck, 
Conn. 


R-9 


R-7 


ULTRA-HIGH- FREQUENCY NOISE 
DIODE. 4-page bulletin explains and pictures 
maker's ‘““Type TT-1,"’ temperature-limited noise 
diode for measuring receiver sensitivity. May be 
used as a noise source for frequencies up to ap- 
proximately 3000 Mc.—Eclipse Pioneer Div., Ben- 
dix Aviation Corp., Teterboro, N. J. 


R-10 HAND TACHOMETER. 2-page bulle- 
tin illustrates and describes maker’s hand tachom- 
eter, said to test speeds directly and instantan- 
eously, without use of special driving devices. 
Features and applications are listed.—Jones Mo- 
trola Corp., Stamford, Conn. 


R-ll BINDING POSTS. 4-page pocket-size 
folder describes and pictures maker's ‘‘5-Way’’ 
binding posts, said to provide complete insulation, 
30-amp. current capacity, 1000 volt working volt- 
age, and complete connection. Other features and 
specifications are listed.—Superior Electric Co., 
Bristol, Conn. 


R-12 CELL TESTER. 2-page bulletin pictures 
and describes maker's one-way reading instrument 
for determining condition of a e~ if at a glance: 
locates defective cells, indicates dead or short cir- 
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Mechanical construction and other 
9205- 


cuit cells, etc. 
features are explained. —Sterling Mfg. Co., 
9223 Detroit Ave., Cleveland 2, Ohio. 


R-13 DECADE RESISTANCE BOXES. 2- 
page bulletin describes and illustrates maker’s 
““Model 1900’’ decade resistance boxes to be used 
for accurate electrical measurement in circuits 
where wide variations of resistance value are re- 
quired. Features, dimensions, weights, ranges and 
prices are all listed.—Cole Instrument Co., 1320 
So. Grand Ave., Los Angeles 15, Calif. 


R-14 ELECTRONIC ANALOG COMPUTER. 
22-page bulletin illustrates and describes maker's 
computer, said to be especially suited for industrial 
applications, and for research groups requiring 
rapid dynamic solution of differential uations 
with a minimum of trained personnel. Bulletin 
covers engineering features, auxiliary equipment, 
theory of operation with ‘schematic diagrams.— 
Reeves Instrument Corp., 215 East 91 St., New 
York 28, N. Y. 


R-15 KNOCK DETECTOR. 2-page bulletin 
pictures and explains maker’s knock detector for 
use on road or in the laborato Included are 
specifications and accessories. —Eapineeriog Re- 
search and Development Co., Box 166, 
Hinsdale, Il. 


R-16 SMOKE RECORDERS AND _ INDI- 
CATORS. 8- “page Bulletin No. 20-A describes and 
illustrates maker’s smoke indicators and recorders, 
listing features and explaining operation. Also 
describes stop-start automatic overfire jet control, 
steam jet or high pressure blower.—Brook | En- 
gineering Co., Inc., 4517 Wayne Ave., Philadel- 
phia 44, Pa. 


R-17 WATER-HEATER AND FURNACE 
CONTROL SYSTEMS. 8-page bulletin describes 
and illustrates maker’s line of water heater and 
furnace controls. Bulletin lists features, specifica- 
tions and capacities.—Automatic Products Co., 
2450 North 32nd St., Milwaukee 10, Wis. 


R-18 PORTABLE RADIATION SURVEY 
METER. | 2-page bulletin describes and pictures 
maker’s ‘“‘Model 101’’ for measuring radiation in- 
tensity, oil well prospecting, health surveys, locat- 
ing lost radium, general survey work, etc. Bulletin 
also lists features, specifications, and general in- 
formation.—Precision Radiation Instruments, Inc., 
1101 N. Paulina, Chicago 22, III. 

R-19 SOUND ANALYZER. A e€ — 
illustrates and describes maker’s odel A 
a sonic analyzer scanning heterodyne type ll 
ment designed to provide graphic presentations of 
frequency distribution versus amplitude of com- 
ponents in complex waves. Uses, specifications, 
=. .. are listed.—Panoramic Radio Corp., 92 Gold 

, New York 7, N. Y 


R-20 PULSE GENERATORS. 16-page bulle- 
tin illustrates and describes maker’s pulse gener- 
ators, said to feature wide flexibility in pulse 
width, amplitude, variable frequency, etc. Suitable 
for designing and testing scalers for atomic work, 
electronic counters, radar equipment, welding 
devices, fuses, relays, etc. Specifications and char- 
acteristics are discussed.—Raymond ilmotte, 
Inc.. 1469 Church St., N. W., Washington 5, 


R-2i “THE GENERAL RADIO EXPERI- 
MENTER.”’ 8-page Vol. 13 No. 3 issue of this 
house organ features article titled: ‘““The Type 
1670-A Magnetic Test Set,’’ and miscellany sec- 
tion.—General Radio Co., 275 Massachusetts Ave., 
Cambridge 39, Mass. 


R-22 ELECTRICAL ANGLE METERS. 4- 
page x — describes maker’s ‘‘Model 311-A”’ 
Angle meter, said to simplify measurements 
fe made with cum apparatus. Used 
for general laboratory a agrSete, measurement 
of broadcast antennas and transmission lines, etc. 
—Technology Instrument Corp., 1058 Main St. 
Waltham 54, Mass. 


LABORATORY INSTRL 

page bulletin illustrates, describes ay 
cuit diagrams of maker's ‘“Type 410-A 
lator, ‘“Type 310-A’’ Z-angle meter, a 
variable resistors. Use and specificati: 
instrument are included.—Technology 
Corp., 1058 Main St., Waltham 54, M 


R-23 


R-24 “BIDDLE INSTRUMENT 
page Vol. 4 No. 4 issue of this houx 
tures article on ‘““TTR’’ transformer 
test set; inclides article on dielectric 
test sheets.—James G. Biddle Co., 131 
Philadelphia 7, Penna. 


R-25 CONVEYOR SYSTEM COD 
WEIGHER. 14-page bulletin describ 

““Conveyoflo Meter’’ for continuous!) 
and totalizing flow of dry materials. ( 
used for automatic proportioning and 
of dry or liquid feeders for secondary 
—Builders-Providence, Inc., 95 Codding 
dence, R. I 


R-26 PRESSURE EQUALIZER: 
pocket-size folder describes and illustra 
pressure equalizers for preventing was 
tecting delicate calibrated pressure 
from shock, chattering, and prematu 
National Engineering Products, Inc., W ast 
& oo &. 


R-27 “THE OSCILLOGRAPHER 
Vol. 10 No. 4 issue of this house organ fear 
article titled: ‘“‘A New, Versatile Oscillogra; 
the Cathode-ray Oscillograph,’’ with bib! 
included.—Allen B, DuMont eamorasorie § 
Instrument Divy., 1000 Main Ave., Clift 


R-28 TEST THERMOMETER. 2-page by); 
tin describes and illustrates maker's 
kata-thermometer kit for measuring air velocity 
from 10 to 600 fpm. Discusses advantages ; 
operation.—Precision ‘Thermometer and [ng 
ment Co., 1434 Brandywine St., Philade!p} 
Penna. 


R-29 SOLDERING GUIDE. 22-page poche. 
size booklet gives step-by-step soldering procedy;, 
for beginners; is designed in a non-technical m 
ner. Rules for soldering which apply to the p: 
fessional and beginner are given.—Weller Mar 
facturing Co., 820 Packer St., Easton, Penn: 

R-30 “CENCO NEWS CHATS.” 24 py 
No. 62 (Winter 1948-1949) issue of this how 
organ contains article on American Chemica! & 
ciety; science of high-frequency sound wave 
section on new ideas for better work.—Centr 
ee Co., 1700 Irving Park Road, Chica 
13, Ill. 


R-31 INDUSTRIAL INSTRUMENT SELK 
TION GUIDE. 16-page Bulletin 98170 describ: 
and illustrates maker’s instruments for temper 
ture, humidity, pressure, flow, liquid level, fore 
time cycle, etc.; also describes the jobs to whic 
each type of instrument is suited, and how : 
i. a Instrument Companies, Roches 


R-32 FIXED COMPOSITION RESISTOR 
pt age Bulletin B-1 gives data on_ characteristic 
specifications of new ““Type BT’’ insula 
fixed composition resistors available in rating 
from one-third watt to two watts.—Internation 
Resistance Co., Philadelphia 8, Pa. 


R-33 SWITCHGEAR AND CONTROL DI 
VICES. 16-page guide describes and _ illustra 
rotary control switches, push button stations, ge 
erator voltage regulators, synchro-operators, cu 
rent and potential transformers, etc. Types » 
ratings supplied on various equipment; standa 
wiring diagrams accompany data.—aAllis-Chalmer 
Mfg. Co., S. 70th St., Milwaukee, Wis. 


R-34 ‘“*THE CAPACITOR,”’’ 16- page Vol. iB 
No. 12. issue of this house organ contains ar 
titled: ‘“Testing A-c. Motor Starting Capacitors fs 
and ‘‘Trading Post’’ section for selling, buying 
and swapping propositions. — Cornell-Dub 
Electric Corp., Hamilton Bivd., South Plainfx 
ae 2 


R-35 PRESSURE-ACTUATED SWITC! 
MANUALS. 16-page manual deals with operatios 
service, and overhaul instructions for pressutt 
actuated switches employing a Bourdon tube. ‘ 
ond manual gives descriptive discussion of ‘ 
terms of pressure switches.—Meletron Corp.. ° 
North Highland Ave., Los Angeles, Calif 


R-36 STRENGTH TESTER. 4-page bullec 
describes and pictures maker's ‘‘Model L” Us 
versal Tester for testing sncorial from fabrics © 
metals, of tensile strength from a few pounds ' 
160, 000 psi.; shows construction for tensile, ©o 
pression, transverse and shear testing. 
handling of flats and rounds; fixtures for fabrics 
cord, rope, wire, wood, and adhesives.— 
Dillon and Co., Inc., 5410 W. Harrison S*., “ 
cago 44, Tl. 
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. “SHOP AGENTS PLAN.” 8-page 
3 ize booklet explains maker's plan for in- 
sails to become shop agents; sell companys 
‘of tools. George err Co., Inc., 200 La 
of wy e S., New York 12, N. Y. 


. ys “WHEELCO COMMENTS.”” Vol. 8, 
: ssue of this house organ contains 












1 4-page i E h 

: - ation om maker's strip chart recorder.— 

Tmo Instruments Co., Harrison & Peoria 

4n > = 2 

urn tap, s, Chicago 7, Ill. 

‘sorpiall 49 ELECTRICAL INDICATING INSTRU- 

rch & NTS. 26-page bulletin discusses company’s en- 

ing and production facilities; functional 

slicity of construction ; accuracy ; electrical and 

(NUOWMR ical specifications; hermetically sealed in- 


vents. Describes and illustrates maker’s stand- 
P , with specifications, applications 
1 information on how to order.—Marion Elec- 
| Instrument Co., Stark St. Gate, Manches- 


New Hampshire. 


2.40 “THE GENERAL RADIO EXPERI- 
NTER.”” 8-page Vol. 23 ,No. 6 issue of this 
se organ contains articles on a compact radio- 
quency ¢a| citance measuring instrument, and 
xpensive, basic instruments for the laboratory. 
neral Radio Co., 275 Massachusetts Ave., 
mbridge, Mass. 


R-4i RAIL DEFECTS. 4-page bulletin titled 
-Men of the Rails,’’ contains information on 
hods of detecting rail defects; explains detector 
from which a crew works.—Sperry Rail Serv- 
. Hoboken, N. J 


R-42 HYDRAULIC REMOTE CONTROL. 
page Bulletin 2001 describes and _ illustrates 
draulic remote controls, giving special industrial 
lications, specifications, etc.—Sperry Products 
., Danbury, Conn. 


R43 MANOMETERS. 4-page bulletin illus- 
* tes and describes maker’s manometers, said to 
, “ Biive seven new improvements. Illustrations and 
oa dard specifications are included.—King En- 
neering Corp., Ann Arbor, Mich. 


R44 ULTRASONIC THICKNESS GAGE. 
page bulletin illustrates and describes maker’s 
Reflecto-gage,’"’ for determining thickness, lack 
bond, bore eccentricity.—Sperry Products Inc., 
abury, Conn. 


R45 AUTOMATIC STEAM GENERATORS. 
page folder describes and illustrates maker's 
yclotherm’’ automatic steam generators with 
tomatic firing sequence, electronic controls, etc. 
ives performance data for both steam and hot 
ter generators from 10 to 300 hp.—Cyclotherm 
rp Dept. 190R, 90 Broad St., New York 4, 
































R46 STANDING WAVE RATIO AND 
¥ POWER MONITORS. 6-page bulletin de- 
tribes and illustrates maker’s models for measur- 
g RF power and standing wave ratio on coaxial 
ansmission lines over a wide range of frequencies 
d power levels; other models for open-wire 
ansmission lines, etc.—M. C. Jones Electronics 
o., Bristol, Conn. 


‘ORS R47 SOLID ADSORPTION DEHUMIDI- 
ristics ER. 16-page Bulletin 214 discusses adsorption 
alated 
tings 








of A supply of these cards 


ee for the asking 
i“ EB your copy of Instruments routed 
mets to several people? 


Does your Company Librarian for- 
LB bid mutilating tech mags? 
~’ (ert do you yourself wish to preserve 
ing your own copies intact? 


«i ¥ust drop us a postal card asking 








for Inquiry Cards and we'll 
CH send you twelve! Do it NOW. 
i 4 
Se: 


humidification as related to material preserva- 
ion and other uses. Emphasis on method of 
luating machine performance .—Pittsburgh 
ectrodryer Corp., P. O. Box 1766, Pgh. 30, Pa. 





Rs INDUSTRIAL RECORDERS AND 
be ONTROLLERS. 32-page illustrated catalog lists 
ics haker's complete line of recorders and controllers 
¢ Or measuring temperature, speed, gas analyses, 
b lect lytic conductivity, pH, etc. Catalog gives 
pec: cations for single-point, two-point, and mul- 
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Round the refinery .. . 


to clean. . 
stay good-looking! 


the dairy... 
plant ... wherever temperatures have to be right, you 
can always depend on Palmer Thermometers for 
easier temperature taking. That “Red-Reading- 
Mercury” really stands out. Extra-wide scale space 
and larger markings give you pin-point accuracy. 
And that accuracy is guaranteed permanently. 
With the new extruded brass case and smooth 
chrome finish, your Palmer Thermometers are 
just as good looking as they are accurate. Easy 
. easy to KEEP clean... 


Mfrs. of Industrial, Laboratory, Recording 

and Dial Thermometers 
2511 NORWOOD AVE., CINCINNATI 12, OHIO 
Canadian Plant: King & George Sts., Toronto 2 
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Instruments, 1117 Wolfendale St., Pittsburgh, Pa. 
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(January 1949) 


Please have the following catalogs, etc., reviewed in this issue sent to me. 


Numbers 
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I also desire further information concerning the following products advertised in 
this issue (Write page number and name of company) 
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tiple- re | instruments which measure values de- R-53 OIL PRODUCTS TESTING 

MENT. 64-page Catalog 15 describes and illus- 
Ave., Philadelphia trates maker's line of testing equipment for as- 
phalt, tar, petroleum products, cement, concrete, 
sub soils, etc. Equipment described 
includes extractors, flash point testers, Saybolt 
te meen water reten- 
alances, etc.—Hum- 
, 2014 N. Whipple St., Chicago 


tectec 
Nosthrup ‘, 4934 Stenton 
44, Penna. 


R-49 CHEMICAL PROCESS EQUIPMENT. 
12-page booklet gives specifications for maker's 
chemical stoneware; chemical porcelain; impreg- 
nated graphite. Booklet points out advantages of boldt Mfg. Co 


to 16 primary elements.—Leeds & 


aggregates, 


single supply source for chemical process equip- 7. 
ment.—General Ceramics and Steatite Corp., : " 


Chemical Equipment Div., Keasby, N. s R-54 WATER REGULATORS 
50. “SCIENTIFIC APPARATUS AND i 
METHODS. 46-page fall 1948 issue of this house 
organ features articles on high precision in polar- 
ographic analysis; purification of mercury; specific 
gravities of whole blood and i. 


plasma.—E. 


viscosimeters, 
tion apparatus, 


new type ‘JR’’ 


Regulator Valve 


distillation ap 
scales and 


Sargent & Co., 155 East Superior Street, Chicago New York 13, N .Y 


11, I. 


R-S51 OSCILLOGRAPH GALVANOMETER. 
illustrates and de- 
Oscillograph Gal- 


8-page Bulletin No, SP188 
scribes maker's ‘“Type OC-2"’ 


of proper 


vanometer of the bifilar type. Technical data on eters, and 


characteristics, applications, and 


cluded.—Hathaway Instrument Co., 


scribes. various styles of sta 
double, graded, switchboard, 


Denver, Colo. 


non-inductive rheostats. ‘‘How to select’ section gives latest 


shows diagrams and examples for various appli- 


cations.—James G. Biddle Co., 
Philadelphia 7, Penna. 
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R-55 THERMOCOUPLES. 
trated Bulletin TC7 gives information on selection 


silicone fluids, 
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thermocouples and protecting tubes, 

methods of checking thermocouples and pyrom- . SELENIUM RECTIFIER 
bl aces eters, 3 installation data. Temperature, milli- 

and tables snowing volt curves, resistance tables, pipe and wire sizes, 

natural frequency and sensitivity are also in- jead wire conduit capacity are furnished in chart 

form.—Wheelco Instrument Co., 847 W. Harri- i Bradley's new hich volt ae 
R-S2 RHEOSTATS. 12-page bulletin de- som St., Chicago | y 9 2 elacaliaaaaa 
ard, screw-drive, 
metal-caged and R-56 SILICONE FLUIDS. 30-page booklet | 
information on maker's ‘‘DC200"’ 
noted for their heat stability, 
1316 Arch St., resistance, lubricity, water repellency, etc.—Dow 
Corning Corp., 


INDEX 


7, ill 
’ 


Midland, Mich 


EQUIP- 


4-page 
pocket-size folder illustrates and describes maker's 
springless water regulator, 
its features. This new type water regulator is said 
to be adaptable for air and industrial use.—Ford 
Co., Inc., 403-407 Broome St., 
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40-page illus- 
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SMALL-SIZE, HIGH VOLTAge famREKen: 
















| rectifier—model SE8L—is low priced 






for production requirements. Rated 





at 1.5 ma D. C. and up to 3,000 vol 
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| peak inverse. For higher voltage re. 































Moore Products Co. af ; 

ye, Inc., Wm. F. 62 § quirements, model SE8L can be used 
North American Mfg. Co. 8 | 8 4 5 ° oe 
Ohmite Manufacturing Co. 14 4 in series or multiplier circuit . 
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- Luxtron* photo cells convert light 


into electrical energy. No external 
voltage is required to operate meters 
and meter relays directly from Brad- 
ley photo cells, improving control 
over your processes, reducing your 
costs. Housed model shown. Many 
different sizes and shapes, mounted 
and unmounted. 







*T.M. REG. U. S. PAT. OFF 


Our engineers will select or 
develop rectifiers or photo 
cells to meet your needs ex- 
actly. Write for BRADLEY LINE 
showing basic models. 


BRADLEY 


LABORATORIES, INC. 
82 Meadow St. New Haven 10, Conn. 
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